THE UNITED STATES PATENT & TRADEMARK OFFICE 
In re: U.S. Patent 4,263,432 

Issued: April 21, 1981 ■* 
To: Masaru Iwanami et al. 

Assignee: Yatnanouchi Pharmaceutical Co. , Ltd. 

For: 7a-Methoxy-7g-(l , 3-dithietane-2-carboxamido) cephalosporanic 
Acid Derivatives 

Date: Feb.^-lj WKto 

Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 

Sir: 

APPLICATION FOR EXTENSION OF PATENT TERM 
UNDER 35 II.S.C. 156 

The Applicant is Yatnanouchi Pharmaceutical Co. , Ltd. , a 
Japanese corporation (hereinafter "Yamanouchi"). Yamanouchi 
represents that it is the owner and assignee of the entire inter- 
est in and to letters patent of the United States No. 4,263,432 
granted to Masaru Iwanami, Tetsuya Maeda, Yoshinobu Nagano, 
Masaharu Fujimoto, Noriaki Nagano and Atsuki Yamazaki on April 21, 
1981 by virtue of an assignment to Yamanouchi recorded June 7, 
1978, Reel 3556, Frame 870; Applicant acting through its duly 
authorized agent, ICI Americas Inc., a Delaware corporation, and 
the undersigned attorney hereby submits this application for 
extension of patent term under 35 U.S.C. 156 by providing the 
following information as required by the guidelines published by 
the U.S. Patent and Trademark Office. Agent's status as agent for 
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Yamanouchi is evidenced by an Authorisation of Agent and Power of 
Attorney, the originally signed document being attached hereto as 
Attachment A. 

(1) The approved product is "Cefotan®" (cefotetan 
disodium) which is the disodium salt of [6R-(6a,7a)] -7-[ [ [4-(2- 
amino-l-carboxy-2-oxoethylidene) -1 , 3-dithietan-2-yl] carbonyl] - 
amino] -7-methoxy-3- [ [ (l-methyl-lH-tetrazol-5-yl) thio]methyl] -8- 
oxo-5-thia-l-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid and has 
the following structure: 



A professional information brochure is attached hereto as Attach- 
ment B. 

(2) The approved product was subject to regulatory 
review under the Federal Food, Drug and Cosmetic Act, 21 U.S.C. 
355, Sections 505 and 507. 

(3) Cefotan® (cefotetan disodium) received permission 
for commercial marketing or use under Section 507 of the Federal 
Food, Drug and Cosmetic Act (21 U.S.C. 355) on December 27, 1985. 

(4) This application for extension of patent term under 
35 U.S.C. 156 is being submitted within the sixty (60) day period 
permitted for submission, the last day for said submission being 
February 26, 1986. 

(5) The complete identification of the patent for which 
an extension is being sought is as follows: 

Inventors : Masaru Iwanami, Tetsuya Maeda, Yoshinobu Nagano, 
Masaharu Fujimoto, Noriaki Nagano and Atsuki Yamazaki 
Patent Number : 4,263,432 
Issue Date : April 21, 1981 


-3- 


(6) A copy of the patent for which an extension is 
being sought is attached herewith in the form specified in the 
guidelines of the United States Patent and Trademark Office as 
Attachment C. 

(7) No disclaimer, certificate of correction, receipt 
of maintenance fee payment, or reexamination certificate has been 
issued with respect to U.S. Patent No. 4,263,432. 

(8) U.S. Patent 4,263,432 claims compounds having a 
generic structure which includes the approved human drug product 
as follows: 

Claim 1 reads: 


A 7a-Methoxy-7 6- (4-substituted methylene-1 , 3- 

di thietane- 2 -y 1 ) carboxamido- 3 -heterocyclic thiomethyl- 
3 

A -cephem-4-carboxylic acid represented by the formula 


wherein R represents a carboxyl group or a derivative 

thereof selected from the group consisting of lower 

alkyl, phenyl lower alkyl and naphthyl lower alkyl 

esters of said carboxyl group and carbamoyl, carbazoyl, 

2 

and cyano groups; R represents a hydrogen atom, a lower 

4 

alkyl group, a lower alkoxy group, R S(0) group wherein 

A 

R represents a lower alkyl group and n represents 0, 1 

or 2, a lower alkanoyl group, a phenyl group, a naphthyl 

group, a benzoyl group, a naphthoyl group, a group, a 

lower alkenyl group, a sulfamoyl group, a pyridyl group 

3 

or a thiadiazolyl group; and R represents a lower 
alkyl-substituted tetrazolyl group or a lower alkyl-sub- 
stituted thiadiazolyl group and the pharmaceutically 
acceptable salts thereof. 
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The approved human drug product Cefotan® (cefotetan disodium) is a 
pharmaceutical]^ acceptable salt (namely, the disodium salt) of a 

compound of the formula shown in Claim 1 wherein is H 9 N0C- 

2 1 
(carbamoyl); R is a carboxyl group (a R group) from which a 

2 3 

sodium salt has been formed to have R =NaOOC-; R = N w 


(a lower alkyl-substituted tetrazolyl group); and the acid group 
at the 4 position has also been formed as the sodium salt. 


(9) The relevant dates and information pursuant to 35 


U.S.C. 156(g) to enable the Secretary of Health and Human Services 
to determine the applicable regulatory review period are as 
follows : 


(a) U.S. Patent 4,263,432 was issued on April 21, 

1981; 

(b) Application for investigational new drug 
exemption ("IND") for Cefotan® (cefotetan disodium)* was 
filed on September 4, 1981 and became effective October 
4, 1981, IND 19,216; 

(c) New drug application ("NDA") for Cefotan® 
(cefotetan disodium) was submitted on January 20, 1984 
as NDA 50-588; 

(d) NDA 50-588 was considered as withdrawn and 
resubmitted on April 10, 1985, due to a substantial 
amendment for use as a prophylactic anti-infective agent 
prior to surgery; 



CH 3 


*Note that the product went through several brand name changes 
during the regulatory review period; these names are Cefotetan 
(which is now the generic name), Apacef® and finally Cefotan®. 


(e) NDA 50-588 for Cefotan® (cefotetan disodium) 
was approved on December 27, 1985. 

(10) A brief description of the activities undertaken by 
the Applicant through its agent ICI Americas Inc. during the 
applicable regulatory review period with respect to Cefotan® 
(cefotetan disodium) and the significant dates applicable to such 
activities is attached hereto as Attachment D. 

(11) Applicant is of the opinion that U.S. Patent 
4,263,432 is eligible for extension under 35 U.S.C. 156 because it 
satisfies all the requirements for such extension as follows: 

(a) 35 U.S.C. 156(a) 

U.S. Patent 4,263,432 claims a human drug 
product ; 

(b) 35 U.S.C. 156(a)(1) 

The term of U.S. Patent 4,263,432 has not 
expired before submission of this application 
for extension; 

(c) 35 U.S.C. 156(a)(2) 

The term of U.S. Patent 4,263,432 has never 
been extended; 

(d) 35 U.S.C. 156(a)(3) 

The application for extension is submitted by 
the agent for the owner of U.S. Patent 
4,263,432; 

(e) 35 U.S.C. 156(a)(4) 

The product, Cefotan® (cefotetan disodium), 
has been subject to a regulatory review period 
before its commercial marketing or use; 

(f) 35 U.S.C. 156(a)(5)(A) 

The permission for the commercial marketing or 
use of the product, Cefotan® (cefotetan 
disodium) , after the regulatory review period 
is the first permitted commercial marketing or 
use of the product under the provision of the 
Federal Food, Drug, and Cosmetic Act (21 
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U.S.C. 355), under which such regulatory re 
view period occurred; and 
(g) 35 U.S.C. 156(c)(4) 

No other patent has been extended for the same 
regulatory review period for the product 
Cefotan® (cefotetan disodium) . 
The length of extension of the patent term of U.S. 
Patent 4,263,432 claimed by applicant is two years minus 132 days, 
the maximum possible under 35 U.S.C. 156(g)(4)(C) with the limit 
imposed by 35 U.S.C. 156(c)(3), since the patent involved was 
issued before the date of enactment of Section 156, an exemption 
under subsection (i) of Section 505 and an application under 
Section 507 were submitted with respect to the approved product 
before the date of enactment of Section 156, and the commercial 
marketing or use of the product was not approved before the date 
of enactment of Section 156. The regulatory review period exceeds 
two years as shown by the following: 

(a) The regulatory review period under 35 U.S.C. 
156(g)(1)(B) was from October 4, 1981 until December 27, 1985, 
which is 1544 days or 4.2 years. 

(b) The period of review, "Testing Period", under 35 
U.S.C. 156(g) (1) (B) (i) was from October 4, 1981 (effective date of 
IND) until January 20, 1984 (NDA submission date), which is 838 
days or 2.3 years. 

(c) The period of review, "Application Period", under 
35 U.S.C. 156(g) (1) (B) (ii) was from January 20, 1984 (NDA submis- 
sion date) until December 27, 1985 (NDA approval date), which is 
706 days or 1.9 years. 

(d) The total regulatory review period under 35 U.S.C. 
156(g)(1)(B) (4.2 years) is subject to the limitation of 35 U.S.C. 
156(g)(4)(C) and therefore the period of extension determined on 
the basis of the regulatory review period, as determined under 35 
U.S.C. 156(g)(1)(B), may not exceed two years. 

(e) Under 35 U.S.C. 156(c)(2) the period of extension 
includes only one-half of the period determined under 35 U.S.C. 
156(g) (1) (B) (i) i.e., 419 days or 1.1 years. In the absence of 
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the limitation noted above, the permissible period of extension 
for U.S. Patent No. 4,263,432 would have been 1125 days (419 plus 
706) or 3.1 years. 

(f) In compliance with 35 U.S.C. 156(c)(3) the period 
remaining in the term of U.S. Patent No. 4,263,432 after NDA 
approval of Cefotan® (cefotetan disodium) (i.e., from December 27, 
1985 to April 21, 1998) is 4502 days or 12.3 years, which, when 
added to the two year period of extension claimed in this applica- 
tion is 5232 days or 14.3 years and therefore is 132 days or .36 
year in excess of fourteen years. 

(g) The term for which extension of U.S. Patent 4,263,432 
is sought is thus calculated to be 2 years minus 132 days which is 
598 days or 1.64 years. 

(12) Applicant acknowledges a duty to disclose to the 
Commissioner of Patents and Trademarks and the Secretary of Health 
and Human Services any information which is material to any 
determination to be made relative to this application for 
extension. 

(13) A check for the prescribed fee for receiving and 
acting upon this application for extension is enclosed herewith. 
Authorization is hereby given to charge any additional fees due or 
credit any overpayment to Applicant's Deposit Account No. 0505412- 
09-0011. This application is submitted in duplicate. The requi- 
site declaration set forth in paragraph (c) of Section D of the 
guidelines for extension of patent term under 35 U.S.C. 156 is 
also attached hereto. 


RMMrsms 

ICI AMERICAS INC. 
Patents Section - Law Dept. 
Wilmington, DE 19897 
(302) 575-3729 


Respectfully submitted, 


ICI AMERICAS INC. 



Agent for Applicant 
Registration No. 29,674 
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CERTIFICATION 


The undersigned hereby certifies that this application 
for extension of patent term under 35 U.S.C. 156 including its 
attachments and supporting papers is being submitted as duplicate 
originals . 


Date ft l hrlljltflfi C^^Ve 



022186CLJ01 


U.S. PATENT NO. 4,263,432 



TCg£e:^\ 7ot-Methoxy-7e-(l , 3-dithietane-2-carboxamido) cephalo- 
p-s ^\ sporanic Acid Derivatives 


Inventor ( s ) : Masaru Iwanami et al 


I hereby certify that this correspondence, including a 


Declaration, Application for Extension of Patent Term Under 35 
U.S.C. 156 (in triplicate) which includes Attachment A (an Author- 
ization of Agent & Power of Attorney) , Attachment B (a profession- 
al information brochure on CEFOTAN®) , Attachment C (U.S. Patent 
4,263,432 in duplicate) and Attachment D (Chronology of Regulatory 
Activities for CEFOTAN® ) , a post card and $750.00 check is being 
mailed under 37 CFR 1.10 with the Express Mail Post Office to 
Addressee Service, Label No. B80892821 addressed to the Commis- 
sioner of Patents and Trademarks, Washington, D.C. 20231 on this 
21st day of February, 1986 by 


Chief Patent Counsel 
ICI Americas Inc. 
Wilmington, Delaware 19897 

(302) 575-3721 

U.S. Patent 4,263,432 


Herbert C. Griffith 


(Name of person mailing paper) 
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7a-Methoxy-7 B- (1 , 3-dithietane-2-carboxamido) cephalo- 
sporanic Acid Derivatives 


U.S. PATENT NO. 4,263,432 


Inventor (s) : 


Masaru Iwanami et al 



I hereby certify that this correspondence, including a 


Declaration, Application for Extension of Patent Term Under 35 
U.S.C. 156 (in triplicate) which includes Attachment A (an Author- 
ization of Agent & Power of Attorney) , Attachment B (a profession- 
al information brochure on CEFOTAN®) , Attachment C (U.S. Patent 
4,263,432 in duplicate) and Attachment D (Chronology of Regulatory 
Activities for CEFOTAN® ) , a post card and $750.00 check is being 
mailed under 37 CFR 1.10 with the Express Mail Post Office to 
Addressee Service, Label No. B80892821 addressed to the Commis- 
sioner of Patents and Trademarks, Washington, D.C. 20231 on this 
21st day of February, 1986 by 


)^ REFUND SCHEDULED 


(Name of person mailing: paper) 


Herbert C. Griffith 




(Signature of peTpoTypairlng paper) 


Chief Patent Counsel 
ICI Americas Inc. 
Wilmington, Delaware 19897 


(302) 575-3721 

U.S. Patent 4,263.432 
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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 


In re: U.S. Patent 4 , 263 ,432 
Issued: April 21, 1981 
To: Masaru Iwanami et al. 

Assignee: Yamanouchi Pharmaceutical Co. , Ltd. 

For: 7a-Methoxy-7g- (1 , 3-dithietane-2-carboxamido) cephalosporanic 
Acid Derivatives 

Date: h ! . .;■ ; ; «■;?;.. 


Commissioner of Patents and Trademarks 
Box Patent Extension 
Washington, D.C. 20231 

Sir: 

DECLARATION 

The undersigned, Agent for Applicant Yamanouchi Pharma- 
ceutical Co., Ltd. (a Japanese corporation), and attorney for 
Agent ICI Americas Inc. (a Delaware corporation, having a place of 
business at Concord Pike and Murphy Road, Wilmington, Delaware 
19897), for extension of patent term under 35 U.S.C. 156 with 
respect to U.S. Patent No. 4,263,432 hereby declares that: 

(1) She has reviewed and understands the contents of 
the Application for Extension of Patent Term being submitted pur- 
suant to 35 U.S.C. 156 and Section D of the guidelines for exten- 
sion of patent term under 35 U.S.C. 156; 

(2) She believes the patent is subject to extension 
pursuant to 35 U.S.C. 156 and Section A of the guidelines for 
extension of patent term under 35 U.S.C. 156; 

(3) She believes an extension of the length claimed in 
the Application is fully justified under 35 U.S.C. 156; and 


(4) She believes the patent for which the extension is 
being sought meets the conditions for extension of the term of a 
patent as set forth in 35 U.S.C. 156 and Section B of the guide- 
lines for extension of patent term under 35 U.S.C, 156. 

The undersigned hereby declares further that all state- 
ments made herein of her own knowledge are true and that all 
statements made on information and belief are believed to be true; 
and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable 
by fine or imprisonment, or. both, under Section 1001 of Title 18 
of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any extension of 
patent term issuing thereon. 


Date V. A,,/ 7 A - ? /v 7 / y /. 

ROSEMARY M. MI AND 
Reg. No. 29,674 


ICI AMERICAS INC. 
Patents Section - Law Dept. 
Wilmington, DE 19897 
(302) 575-3729 
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ATTACHMENT A 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re an application for extension of the term of US Patent No, 
\ 4, 263,432 under the Drug Price Competition and Patent Term 
Restoration Act of 1984 

"I AUTHORISATION OF AGENT AND 
» — 

POWER OF ATTORNEY 
We, Yamanouchi Pharmaceutical Co. Ltd., of No. 1-8, 
Azusawa 1-chome, Itabashi-ku, Tokyo 174, Japan, being the owner 
of record of US Patent No . 4 , 263 , 432 , hereby authorise and 
appoint ICI Americas, Inc., a corporation organised and 
existing under the laws of the State of Delaware and having 
offices at Concord Pike and New Murphy Road, Wilmington, 
Delaware 19897, USA and the Patent Attorneys named below: 
Rosemary Milton Miano (Reg. No. 29,674) 
John Michael Sheehan (Reg. No. 26,065) 
Charles Albert Haase (Reg. No. 22,675) 
all being employees of the said ICI Americas, Inc.; 
individually and collectively to be our agents and attorneys 
for the purpose of the above application and to transact all 
business in the Patent and Trademark Office in connection 
therewith. 

And we request that all communications in the above 
matter be sent to the following address : 
Patents Section 
Law Department 
ICI Americas , Inc. , 
Concord Pike and New Murphy Road, 
Wilmington 
Delaware 19897 
U.S.A. 

Signed by 


Name: Shageo Morioka 
Position: President 
Authorised Officer 

Yamanouchi Pharmaceutical Co. Ltd. 

February 5 , 19 86 
Date: 
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DERIVATIVES 

[75] Inventors: Masaru Iwanaml, Yokohama; 

Tetsuya Maeda, Urawa; Yoshinobs 
Nagano, Niiza; Masahain FnJImoto, 
Tokyo; Noriaki Nagano, Ageo; 
Atsuki Yamazaki, Ichikawa, all of 
Japan 

(73] Assignee: Yamanouch! Pharmaceutical Co., 
LuL, Tokyo, Japan 
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[57] ABSTRACT 

The invention relates to novel 7a-methoxycephalospo- 
rin derivatives having at the 7/?-position an amido 
group acylated by a 1,3-dithietane carboxylic acid resi- 
due and to 7^-iiOthia2olyHhioacetamido-7a-methox- 
ycephalosporins having antibacterial activity by them- 
selves and. as the case may be, capable of being con- 
verted into the aforesaid 7a-methoxycaphalosporin 
derivatives. The compounds of this invention exhibit 
excellent antibacterial activity and are particularly ef- 
fective against gram negative bacteria. 


9 Claims, No Drawing! 


7a.METHOXY-7^1>DITHICTANE.2^RBOX. 
AMIDO)CEPHALOSPORAMC ACID 
DERIVATIVES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a novel series of cephalospo- 
rin compounds having antibacterial activity and to in- jq 
termediates useful for preparing them. To the best or 
our knowledges, the compounds of this invention dis- 
closed hcrwl.-i are novel. 

2. Description of the Prior Art 

In the past several decades various antibiotics have 
been investigated and used for the treatment of various 
infectious diseases of animals including men but since 
resistant bacteria appear in many cases, there are aome 
infectious diseases which have not been treated by 
known antibiotics. Moreover, new antibiotics are con- 
stantly being sought in order to supplement and expand 
the physicians' armamentarium, particularly for the 
treatment of infections involving pathogens which have 
become resistant to the chemotherapeutic agents now in 


use. . j4 

Various cephalosporins have been known and a nunv « 
bcr of disclosures such as German OfTenlegungsschnR 
No. 2,356,388 disclose a variety of cephalosporins or 
heterocyclic acyl groups very broadly but none of them 
specify the compounds of this invention. 

SUMMARY OF THE INVENTION 
According to this invention, there are provided the 
novel cepholosporins represented by general formula I 


30 


R ^ S >-conh4--^ 


"V 1 

COOH 


35 


40 


wherein R 1 represents a carboxyl group or a functional 
derivative residue thereof; R 2 represents a hydrogen 
atom, a lower alkyl group, a lower alkoxy group, a 
lower alkanoyl group, R*S<0)„ group (wherein R 4 rep- 
resents a lower alkyl group and n represents 0. 1, or 2), 
an aryl group, An aroyl group, a cartnxyl group, a func- 
tional derivative group of a carboxyl group, a lower 
atkenyl group, a sulfamoyl group, or a heterocyclic »> 
residue; and R> represents a lower alkyl-substituted 
tetraiolyl group o' z lower alkylsubstituted thiadiarolyl 
group, and t v * pharmaceutical^ acceptable salts 

th T^cephalosporin compounds of this invention have 55 
excellent antibacterial activity, particularly against 
gram negative bacteria. 

The invention also provides various processes Tor 
preparing the aforesaid cephalosporin compounds oT 
general formula I. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now, the functional derivative residue of carboxyl 
group represented by R 1 or R* of general formula I 65 
means, for example, a carboxylic acid lower alkyl ester 
residue, a carboxylic acid aralkyl ester residue, a car- 
bamoyl group, a carbazoyl group (NH2NHCO— ). a 


2 

cyano group, etc. Also, the lower alkyl group in the 
general formula is a straight chain or branched alkyl 
group having 1-4 carbon atoms, such as methyl group, 
ethyl group, isopropyl group, n-butyl group, tert-butyl 

5 group, etc. 

Examples of the aryl group are phenyl group, naph- 
thyl group, etc. Examples of the aroyl group are ben- 
zoyl group, naphthoyl group, etc. 
R* of general formula I represents, as described 

10 above, a lower alkyl-substituted tetrazolyl group or a 
lower alkylsubstituted thiadiazolyl group, and examples 
of the tetrazolyl group are a lH-tctrazol-5-yl group, 
2H-tetrazol-5-yl group, etc., and examples of the 
thiadiazolyl group a 1,3,4-thiadiazolyl group, a 

15 1,2,5-lhiadiazolyl group, a 1,2,4-thiadiazolyl group, etc. 
Furthermore, the groups and residues represented by 
R 1 , R 2 , R* and R 4 of general formula I may have been 
substituted when they can have substituents. For exam- 
pie. examples of the substituted groups or residues are 
an N-monoalkylcarbamoyl group, an N^dialkylcarbanv 
oyl group, and an alkoxycarbonylamino group for R 1 ; a 
hydroxy alkyl group, a carboxyalkyl group, an alkoxyal- 
kyl group, an arylalkyl group, a hydroxyphenyl group, 

25 and an alkoxyphenyl group for R 2 ; and an alkylthio-sub- 
stituted thiadiazolyl group, for R\ etc. 

The compounds of this invention belong to 7-methox- 
ycephalosporin derivatives as shown by general for- 
mula I and the most specific feature of the compounds 

3q is that the acyl group at the 70-position originates in 
4-substituted methylene- t.3-dithietane-2-carboxylic 
acid. The acylation by 4-membered ring carboxylic acid 
has not hitherto been known in the field of cephalospo- 
rin chemistry and, in particular, the 1,3-dithietanecar- 

35 boxylic acid itself used in one of the processes for pre- 
paring the compounds of this invention shown below is 
a novel compound which has not been disclosed in any 
literatires. 

The objective compounds of this invention are pre- 
40 pared by the following various processes: 

Process 1 

In the process, the compounds of this invention 
shown by general formula I are prepared by reacting 
45 4-substituted methylene- 1,3-dithietanecarboxylic acid 
represented by general formula II 


R 1 

C<X>H 


X>-« 


50 

R- S 

wherein ft 1 and R 3 have the same significance as in 
general formula 1 fcnd 7^-amino-7a-methoxy-3-hetero- 
55 cyclic thiomethyl-A*<cphem-4-carboxylic acid repre- 
sented by general formula III 

OCH* s l» 


COOH 


65 wherein R ? has the same significance as in general for- 
mula I. 

In the reaction of the compounds of general formula 
II and the compounds of general formula III. the com* 


3 

pounds may be caused to react directly with each other 
„ ,he presence of . condensing agent such as N.N- 
dicyclohexylcarbodiimide, etc.. but it is suitable to t«e 
the compound of formula II after introducing known $ 
protective groups to R' and according to the proper- 
ties of R' and R J and also the compounds of formula m 
after introducing a known protective group to the car- 
boxyl group at the 4-position. For example, when K 
and/or R 2 of the compound of formula II is a carboxyl , 
group, the carboxyl group of the compound and also 
The carboxyl group at the 4-position of the compounds 
ot formula III are protected beforehand by a tnphenyl- 
mclhyl group, a tert-butyl group, a benzhydryl group, 
etc.. and further the carboxylic acid at the 2-position of " 
the compound of formula II or the amino group at the 
70-position of the compound of formula III are con- 
verted into the reactive derivatives prior to performing 
the reaction. Preferred examples of the reactive deriva- ^ 
tive of the carboxylic acid are an acid halide. a mixed 
acid anhydride, an active ester, an active amide, an acid 
anhydride, an acid azide, etc. 

The compounds of general formula II are novel com- 
pounds and they are obtained by reacting 2.2'-sub- 25 
stituted ethylene-l.l-dithiol represented by general for- 
mula IV 


,V 30 


wherein R' and R* have the same significance as in 
general formula I and dihalogenoacetic acid or the » 
lower alkyl ester thereof represented by general for- 
mula V 

x v 40 

^CH-COOR 7 
/ 

X 

wherein X represents a halogen atom and R 7 represents 4J 
a hydrogen atom or a lower alkyl group and then, when 
the compound of formula V h the lower alkyl ester. 
' releasing the alkyl or converting it to a reactive denva- 

tive. 

The reaction of the compounds of formula II and the SO 
compounds of formula III or the reactive derivative 
thereof b usually carried out in an inert solvent under 
heating or cooling but in order to avoid the epimerua- 
tion of the methoxy group at the To-position during the 
reaction, it is preferred to perform the reaction at tew 
temperature, particularly at temperatures below -20 
C. 

The compound thus formed can be converted into 
the compounds of formula I by removing the protective w 
group or groups in an ordinary manner. 

Process 2 

In the process, the compounds of general formula I 
are prepared by reacting 3-acetoxymelhyl- or 3-car- «s 
bainoyloxymethyl-7/5-(4-substituted-l.3-dithietanecar. 
boxamido)-7a-inethoxy-A J -cephem-4<arboxylic acid 
represented by general formula VI 


R 1 S CX'Hi $ VI 

CCIOH 

wherein R* and R- have the same significance as in 
10 general formula I and R 6 represents an acetyl group or 
a carbamoyl group and the heterocyclic thiol repre- 
sented by general formula VII 

R'-SH VII 

15 

wherein R 1 has the same significance as in general for- 
mula I or the alkali met? I substitute thereof at the hy- 
drogen atom of the mercapto group. 
The reaction is performed at room temperature or 

*° under heating usually in an inert solvent. Examples of 
the inert solvent are acetone, dimethylformamide, 
methanol, ethanol, water, and a phosphate buffer and, if 
necessary, they are used as a mixture of them. When a 

25 compound of general formula VII is used in the free 
state, it is preferred to perform the reaction in the pres- 
ence of a base such as an alkali metal hydroxide, an 
alkali metal carbonate, an alkali metal hydrogencarbon* 
ate, trialkylamine, pyridine, dimethylaniline, etc. After 
the reaction is over, the compound of formula I formed 
is isolated by acidifying the reaction mixture and recov- 
ering the precipitates thus formed or by subjecting the 
reaction mixture to a solvent extraction. 
In addition, a compound of formula VI used in the 

35 process can be obtained by reacting a compound of 
general formula II used in Process 1 and 7£-amino-7a- 
methoxycephalosporanic acid (R* in the formula is ace- 
tyl group) or 7/f-amino-3-carbamoyloxymethyl-7a- 
methoxy-A ;, -cephem-4-carboxyJic acid (R 6 in the for- 

40 mula is — CONH:) represented by general formula VIII 


OCHx s VIII 


45 


CHjOR* 

COOH 

50 wherein R* has the same significance as in general for- 
mula VI under similar reaction condition as in Process 
I. 

Process 3 

55 A compound of this invention shown by general 
formula 1 is also obtained by treating the 7a-methoxy-3- 
heterocyclic thiomethylcephalosporiri -lerivative repre- 
sented by general formula IX 



5 

wherein R* and R* have the same significance as in 
general formula I and R* represents a hydrogen atom or 
a substituted or unsubstituted alkyl group under a basic 
condition. t 

In addition, when R* of general formula IX is hydro- 
gen, the derivative of the formula includes the tautomer 
of the following formula 

* IX* 


s *^SCH:CONH | f 

COOH 


"V 1 


10 


IS 


wherein R* and R ? are the same as above. 

Proper bases used in this process are weak bases such 
as sodium hydrogencarbonate, potassium hydrogencar- w 
bonate, sodium carbonate, etc. The reaction is usually 
performed in a solvent at room temperature or under 
cooling. Any solvents which do not afreet the reaction 
may be used but preferably water or an organic solvent 
which are miscible with water, such as methanol, ace- M 
tone, tetrahydrofuran, dimethylformamide. etc., are 
used singly or in a combination thereof. The isolation 
and purification of the product from the reaction mix- 
ture are performed by a conventional manner such as 
extraction with organic solvent, crystallization, column ^ 
chromatography, etc. 

The compounds of general formula IX used in the 
process exhibit an excellent antibacterial activity per se 
and are also useful as intermediates for the preparation 
compounds of formula I. Therefore, another object of J$ 
this invention is to provide the intermediate compounds 
which have excellent antibacterial activity and are use- 
ful for the production of the compounds of formula I 
and also to provide a process of preparing the interme- 
diate compounds. ^ 

The compounds of general formula IX are prepared 
by, for example, the following processes: 

Process A 

The compounds of general formula III may be re- 
acted with a corresponding isothiazolylthioacetic acid « 
or the reactive derivative thereof according to Process 
I of this invention. That is, the reaction is usually per- 
formed in an inert solvent such as, preferably, acetone, 
clJoroform, methylene chloride, ethylene chloride, 
tetrahydrofuran, dimethylformamide, acetonitrile, ethyl » 
acetate, ethyl formate, etc. These solvents may be used 
singly or in a combination thereof, or, if the solvent * 
water-soluble, the solvent can be used as a mixture with 
water if no hindrance occurs in the reaction. 

The preferred examples of the reactive derivative at 55 
the terminal carboxyl group of isothiazolylthioacetic 
acid are an acid halide, a mixed acid anhydride, an 
active ester, an active amide, an acid anhydride, an acid 
azide, etc. When the terminal carboxyl group is a [« 
radical, h b suitable to use a condensing agent such as to 
N.N'-dicyclohexylcarbodiimide, N,N ^iethylcarbodii- 
mide, etc. Also, when R 2 of the isothiazolylthioacetic 
acid is a reactive group which may hinder the reaction, 
such as carboxyl group, hydroxymethyl group, etc., it b 
preferred to use the isothiazolylthioacetic acid in the 65 
reaction after introducing a conventional protective 
group to the reactive group. In this case, it is preferred 
to release the protective group after obtaining the com- 


pound of formula IX, or after converting the compound 
of formula IX to the compound of formula I. 

Process B 

5 The compounds of general formula IX can be also 
obtained by reacting a compound shown by general 
formula VIII and the corresponding isothiazolylthioa- 
cetic acid or the reactive derivative thereof and then 
reacting the product with a compound shown by gen- 

10 eral forrr.ula VII, according to Process 2. 

Process C 

The compounds of general formula IX are further 
obtained by reacting the known 7a-amino-7/*- 
15 haIoacetamido-3-heterocyclic thiomethyl-A'-cephem- 
4-carboxylic acid shown by general formula X 


20 



x 


conn 


wherein R* has the same significance as above and X 
represents a halogen atom and a compound shown by 
$cr\p^l foimula XI 



>5 wherein R- and R 1 have the same significance as above 
and R K represents a hydrogen atom or a substituted or 
unsubstituted alkyl group under a basic condition. 

In addition, when R H of general formula XI is a hy- 
drogen atom, the compounds of formula XI include the 

40 tautomcr thereof shown by the following formula 



wherein R 2 has the same significance as above. 
The reaction is carried out usually in a solvent at 

jq room temperature or under cooling. Any solvents 
which do not take part in the reaction may be used 
without restriction but ordinary, water, methanol, ace- 
lone, tetrahydrofuran, dimethylformamide or a mixture 
thereof is used as the solvent. The compounds of for- 

55 mula XI may be usually used as the alkali metal salt 
thereof at the mercapto group but when a compound of 
formula XI is used as it is. the reaction is carried out in 
the presence of an aliphatic, aroit Mic or heterocyclic 
base such as triethylamine, N,N-dur^thylaniline, N- 

00 ethyl-morpholine, pyridine, collidine, 2,6-lutidine, etc., 
or an alkali metal carbonate or alkali metal hydrogen- 
carbonate such as sodium carbonate, potassium carbon- 
ate, sodium hydrogencarbonate, potassium hydrogen- 
carbonate, etc. 

65 The compounds of general formula IX thus obtained 
are novel compounds. The compounds having an tso- 
thiazolylacetamide group at the 7-position have hith- 
erto been known in the chemistry of cephalosporins as 


7 

described in. for example, U.S. Pat. No. 3.464.999. but 
the compounds of the specific structure having an tso- 
thiazolylthioacetamide group which can be converted 
into a 1,3-dUhietanecarboxamide group have not yet 
been known. 

The compounds obtained by the invention exhibit 
excellent antibacterial activity, particularly against 
gram negative bacteria as shown below. 
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12 
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0.39 
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0.78 

15 

0.19 

0.19 
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0.39 

0.78 

6.25 

6.25 
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35 


The compounds of formula I obtained in this inven- 
tion can be easily converted into the pharmaceutical^ 
acceptable, non-toxic or effective salts thereof. These 40 
salts includes the alkali metal salts such as sodium or 
potassium salt or salts (for example, using sodium or 
potassium 2-ethyl hexanoate), ammonium salt or salts, 
and organic amine salt or salts such as those with pro- ^ 
caine or ethanolamine which can be prepared by one 
skilled in the art according to known manners. 

Moreover, the pharmaceutical compositions having 
an actibacterial activity comprising a pharmaceutical 
carrier and an active but non-toxic amount of the com- ^ 
pound of formula I as well as the methods of combatting 
bacterial infections by administering such a pharmaceu- 
tical composition to an infected animal or human host in 
an non-toxic amount sufficient to combat such infec- 
tions are also the objects of this invention. 55 

The compounds of this invention may be adminstercd 
orally, rectally, or by injection such as subcutaneously, 
intramuscularly, or intravenously. 

The injection of suitably prepared sterile solutions or 
suspensions containing an effective but non-toxic to 
amount of the cephalosporin compound of this inven- 
tion b the preferred route of administration. 

The doses of the cephalosporin compound of this 
invention are usually 230-3000 mg. per day for an adult 
and can be variously changed according the condition 65 
of disease, the age, weight, and the state of the patient. 

Then, the invention will further be described in more 
detail by referring to the following examples, 


8 

EXAMPLE 1 

In 10 ml. of liquid ammonia was suspended 270 mg. of 
4-carboxy-5-ethylthio-3-hydroxyisothiazole. After 
3 cooling the suspension lo -50' C. and adding thereto 
100 mg. of metallic sodium, the mixture was stirred for 
30 minutes at temperatures of from - 50* C. to - 33* C. 

Liquid ammonia was distilled ofT from the reaction 
mixture, the residue obtained was dissolved in 20 ml or 
10 methanol, then 10 ml. of a methanol solution of 600 mg. 
of 70-bromoacetamido-7a-methoxy-3-( 1 -methyhet- 
razol-S-yDthiomelhyl-A^ephem-^arboxylic acid was 
added dropwise to the solution under ice-cooling, and 
after stirring the fixture for 30 minutes under ice-cool- 
15 ing, the mixture was further stirred for 30 minutes at 
room temperature. After the reaction was over, the 
reaction mixture was adjusted to pH 4 with 4 normal 
hydrochloric acid and then the reaction solvent was 
distilled ofT under reduced pressure. 
20 To the residue formed was added water and after 
adjusting the mixture to pH 1 with 4 normal hydrochlo- 
ric acid, the product was extracted with 50 ml. of a 
mixture of butanol and ethyl acetate of 1:1 by volume 
ratio. The organic layer formed was washed twice each 
25 time with water, then once with a saturated aqueous 
sodium chloride solution, dried over anhydrous magne- 
sium sulfate, and then the solvent was distilled ofT under 
reduced pressure. To the residue was added 30 ml. of 
ether and the precipitates formed were recovered by 
30 filtration, washed three times each time with 20 ml. of 
ether, and dried under reduced pressure to provide 560 
mg. of the powder of 7^-{4-carboxy-3-hydroxyiso- 
thia2ol-5-yl)thioacctamido-7a-methoxy-3-<l-mcthyUet- 
razol^-yDthiomethyl-A^-cephem^arboxylic acid. 
35 Nuclear magnetic resonance spectra (DerDMSO) 
oXp.p m ): 3.41 (3H), 3.58 (2H), 3.93 (3H), 3.99 (2H), 
4.28 (2H), 5.10 (1H). 


40 


EXAMPLE 2 

HO nh ; 

ycH, s 


45 * SCHjCONH-j f ^1 N N 

T CH ^ S i 


COOH CH> 


50 


After cooling 40 ml. of liquid ammonia to -70* C. 
183 mg. of 4-amino*5^ethylthio-3-hydroxyisothiazole, 
55 mg. of sodium was added to the liquid ammonia. The 
mixture was stirred for 10 minutes at the same tempera* 
55 ture and then liquid ammonia was distilled ofT. To the 
residue was added 15 ml. of methanol followed by cool- 
ing to 2* C. Then 15 ml of a met hanol solution of 300 
mg. of 7^-bromoacetamido.7a-mt;Hoxy-3-(l-methyl- 
tetrazol.5-yl)lhiomethyl-A^-cephem-4<a.toxylic aod 
60 was added dropwise to the mixture over a period of 30 
seconds followed by stirring for 10 minutes at the same 
temperature. The solvent was distilled ofT under re- 
duced pressure and after adding 15 ml of water to the 
residue, the mixture was adjusted to pH 2.5 by adding 
65 i% hydrochloric acid. The precipitates formed were 
extracted with 100 ml of a mixture of n-butanol and 
ethyl acetate of 1:1 volume ratio and the extract was 
washed with water and then with a saturated aqueous 


sodium chloride solution, and dried over anhydrous 
magnesium sulfate. The solvent wa* distilled ofTand the 
residue formed was subjected to a silica gel column 
chromatography to provide 180 mg. of 7£-<4-amino-3- 5 
hydroxytsothia2ol-5-yl)thioacelamido-7^-methoxy-3- 
( 1 .melhyltetraxol-5-yl)thtomethy1- A^-ccphem-^ar- 
boxylic acid using a mixture of chloroform, methanol, 
and formic acid of 8:2:0.2 by volume ratio as the eluant. 10 
Nuclear magnetic resonance spectra (Dt-DMSO) 
6Xp.p m ): 3.36 <3H). 3.54 <2H), 3.58 (2H), 3.94 <2H), 
4.30 <2H>, 3.09 (1H). 

t5 

EXAMPLE 3 


HO NHCOOC2H5 



By following the same procedure as in Example 2, 50 
mg. of 7/3-(4-ethoxycarbonylamino-3-hydroxyiso- 30 
thiazol-5-yl)thioacetamido-7a-methoxy-3«<l-methyltet- 
razol-5-yl)thiomcthyl-A 5 <ephem-4<arboxylic acid was 
obtained from 300 mg. of 4-ethoxycarbonylamino-5- 
ethylthio-3-hydroxyisothiazole and 300 mg. of 10- 35 
bromoacetamido-7a-methoxy-3-< 1 -methyltetrazol-5- 
yl)thiomethyl-A 3 <ephem-4<arboxylic acid. 
Nuclear magnetic resonance spectra (DerDMSO) 
6Xp.p m ): 1.14 (3H). 3.38 (3H). 3.60 <2H), 3.81 (2H). 40 
3.92 (3H), 4.06 (2H), 4.29 <2H), 5.11 (1H). 

EXAMPLE 4 


HO CONHNH: 



By following the same procedure as in Example 2, 
100 mg. of 70^4<art«olyM-hydroxyisothiazol-5. 
y|>thioaceiamido-7a-methoxy-3-(!-tn«thyltetrazol-S. 
yl)thiomethyl-A 5 -cephem4<arboxylic acid was ob- 
tained from 220 mg. of 4<art>azoyl-5-ethylthio-3- 
hydroxyisothtazole and 400 mg. of 7^- 
bTcmK>acetamido-7a-methoxy-Hl-n>ethyltetraiol-5- 
yI)thk)methyl A 3 <ephem-4<art)Oxylic acid. 
Nuclear magnetic resonance spectra (Db-DMSO) 
«(p.p.m ): 3.39 (3H), 3.63 (2H), 3.90 (2H* 3.93 (3HX 
4.30 (2HX 3.13 (1H). 


1 


10 

EXAMPLE 3 


H«X»C S OCH. 

V / \ T - S n * 

5 * An" 


CHi 

ch : s | 

CCX1H CH« 


10 


(a). In 15 ml. of methylene chloride were dissolved 
340 g of 4-{l-(tert-butoxycarbonyl)ethylideneJ-I.3- 
dithietane-2<arboxylic acid and 0.206 g. of pyndme. 
Then, while stirring the solution in an ice-water bath. 
15 284 g. of phosphorus pentachloride was added to the 
solution. The reaction was carried out for one hour at 
temperature below 10' C. and then after cooling the 
reaction mixture to -50' C. a solution o ^0.690 g. of 
7fl-amino-7o.methoxy3-(l-methyltetra2ol.5-yl)thi- 
» omethyl-A'-cephem-t-carboxylic acid bewhydryl ester 
in 10 ml. of methylene chloride was added dropwise to 
the solution and then 1.6 ml. of pyridine was added 
dropwise and the mixture was reactedfor one hour at 
temperatures of from -30* C. to -40* C. 
25 After the reaction was over. 10 ml. or 5 normal ny- 
drochloric acid was added dropwise to the reaction 
mixture below 0* C and the product was extracted with 
methylene chloride. The extract was washed with a 
saturated aqueous sodium chloride solution, dried over 
30 anhydrous calcium chloride, and then methylene chlo- 
ride was distilled off to provide 1.1 g. of a residue. The 
residue was subjected to a silica gel column chromatog- 
raphy and then 0.490 g. (yield 47%) of caraineMike 
7«.{4-fHtert-butoxycarbonyl)ethylidenel-l,3-dithie- 
35 „n-2-yl}carboxamido-7a-methoxy-3-( l-methyltetrarol- 
S-yl)thiomethyl-A>«ephem-4«arboxylic acid benzhyd- 
ryl ester was obtained using a mixture of ethyl acetate 
and n-hexane of 1:1 by volume ratio as the eluant. 
Nuclear magnetic resonance spectra (D 6 -DM5U> 
cHp p m.): 144 (9 H. tert-butyl). 


40 


— ooc 

t.SbOH. 

45 CH« 


3.49 (3H --OCH3). 


SO 


VWOH. N k 
CH« 


55 


5.I04IH) 
5.ISIIH) 


)« 


60 6.92 (1H. -CH(C*Hsh>. 

9 68 (1H. — CONH— % . 

(b). In 25 ml. of anisole was dissolved 0.44 g. or the 
product obtained in step (a) and while cooling the solu- 
tion below 5* C. with icewater, 7.5 ml. of tnfluoroace- 

m tic acid was added dropwtse to the solution. The reac- 
Son was performed for one hour at 5M0- C. an.sok 
and excess trifluoroacetic acid were distilled off under 
reduced pressure, and the residue was powdered by 


adding thereto ether. After recovering the powder by 
filtration, the powder was washed well with ether to 
provide 0.271 g. (yield 86.7%) of the light yellow pow- 
der of 7^[4Kl<arboxyethylideneM.3-dithietan-2- 
yllcarboxamido-7a-mcthoxy-3-(l-methyItetrazol-5- 
yDthiomethyl-A'-cephem-^arboxylic » ckl - 
Nuclear magnetic resonance spectra (Db-DMSO) 

— ooc 10 

* P P m > 156 OH. ' «l OHr-OCHiK 

CHi 

I 15 

CHi 


5.13 <2H. H of C»ml «^ CH— I. 


20 


9.57<lH,-CONH-) 

Infrared spectrum (KBr) (cm ') 1870 (lactam). 

REFERENCE EXAMPLE 1 
In a 100 ml. three necked flask were placed 40 ml. of 25 
dimethoxyethane and 10 ml. of tetrahydrofuran both 
were deoxygenated by distillation. While cooling the 
mixture below -70* C. by a dry ice acetone bath in 
nitrogen stream, 1 ml. of n-isopropylcyclohexylamine 
and 3.43 ml. of a 15% n-butyl lithium n-hexane solution 30 
were added to the mixture. Then, after adding thereto 
0.65 g. of tert-butyl propionate, the reaction was earned 
out for about 30 minutes at temperature below -70* C. 
with stirring. To the reaction mixture was added drop- 
wise 332 ml. of csrbon disulfide at temperatures of 
from -75* C to -73" C. over a period of about 30 
minutes. The reaction was further carried out for 10 
minutes a« temperature below -70* C. and then 3.4ml 
of a 15% n-butyl lithium n-hexane solution was added ^ 
dropwise to the reaction mixture at temperature below 
-70* C. over a period of about 30 minutes. After carry- 
ing out the reaction for 1 5 minutes at temperature below 
-70* C, sodium diiodoacetate obtained beforehand by 
reacting 0.24 g. of 50% oily sodium hydride and 1.56 g. 45 
of diiodoacctic acid in 10 ml. of dimethoxyethane under 
ice-cooltng, was added to the reaction mixture and the 
mixture was stirred overnight at room temperature. 

The solvent was distilled ofT from the reaction mix- 
ture under reduced pressure and after adding cold ether 30 
to the residue and acidifying the residue with 1 normal 
hydrochloric acid, the product was extracted with 
ether. The ether extract was washed well with a satu- 
rated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then ether was dis- 55 
tilled off to provide 1 .42 g. of a brown oily product. The 
product was subjected to silica gel column chromatog- 
raphy and 0.5 g. of oily MHtcrt-buloxycarbonyl)- 
ethylidenel-l,3-dithietane.2<arboxylic acid was ob- 
tained using a mixture of chloroform, methanol, and » 
formic acid of 95:5:2 by volume ratio as the eluant. 
Nuclear magnetic resonance spectra (D*-DMSO) 

tip P m f. l.42(9H.ieri-N«yH 65 
—OOC 

I.SJtJH, 


12 

tinu 

5 I4UH.«^ ^CH— I 


-continued 
s 


s 


Infrared spectra (cm 2970(tert-buty1), 2520-2650 
(—COOH), 1640-1740 (— COO-tert-butyl. —COOH), 
1360. 1250, and 840 (tert-butyl) 
10 EXAMPLE 6 


hooc oCHi 
15 / V 


T CH.S i 


COOH CHx 


20 (a). In 5 ml. of tctrahydrofuran were dissolved 0.7 g. 
of 7^amino-7a-methoxy-3-(l-methy!letrazol-5-yl)thi- 
omethyl-A*<ephem-4-carboxylic acid benzhydryl ester 
and 0.35 g. of 4-l(tert-butoxycarbonylKmethoxy)me- 
thylenel-l,3-dUhietane-2-carboxylic acid and after add- 

25 ing thereto 0.3 g. of N,N'-dicyclohexy1carbodiimide 
under ice-cooling, the mixture was stirred for two hours 
at room temperature. Insoluble materials were filtered 
ofT and the filtrate was concentrated under reduced 
pressure. The residue was subjected to a column chro- 

30 myography and 0.36 g. of 7/J.{4-[<tert-buioxycar- 
bonylKmethoxyymethylenel-l,3-dithieun-2-yl}c»rbox. 
amido-7a-methoxy-3-(l-methylietrazol-5-yl)thiometh- 
yl-A J -cephem-4-carboxylic acid benrhydryl ester was 
obtained using a mixture of beniene and ethyl aceate of 
85:15 by volume ratio as the eluant. 
Nuclear magnetic resonance spectra (CDCb) 


40 


55 


fcp p m l: 1.50 <9H. icft-bulyl* 

OOC^ 


£2 


CHiO 


4.MUH. CH : S— ofCU. 
4 77 (1H. ^CH- I. 


50 


5.07 (1H, HofCft), 
692 (1H, — CU(C6H 5 ) 2 X 
7.2-7.5 (10H. -CHtCbHjfc) 

(b). In 1.7 ml. of anisole was dissolved 0.23 g. of the 
product obtained in step (a) an ' while cooling the solu- 
tion to temperature of from C. to - 10* C. 5.1 ml. 
of trifluoroacetic acid was addeO gradually followed by 
stirring for 30 minutes at 0*-8 # C. 
to The reaction mixture was concentrated under re- 
duced pressure, ether was added to the residue, and the 
faint brown powder formed was recovered by filtration. 
The powder was washed well with ether and dried 
under reduced pressure to provide 0.12 g. of 70-{4- 
65 t(carboxyXmcthoxy)methylene]-l,3-dithietan-2-yl>car- 
lK)xamido-7a-methoxy-3-(l-inethyltetrazol-5-yl>thi- 
omethyl-A 3 <ephem-4-carboxylic acid. 
Nuclear magnetic resoancc spectra (Db-DMSO) 
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Mp.pm>. J42IJH.— OCHjoTCtI 

— ooc 


J.SSOH. ^->- 


CM«0 


IS 


JJ5 4JH. N i 
CH« 

jo 

5.16 »2H. H ofC»«nd ^ CH— ) 


9.59 (IH, -CONH— ). 

REFERENCE EXAMPLE 2 25 


<CHOjCOOC -c-cr S >HC«,H 


30 


A mixture of 4.5 g. of lert-butyl methoxyacetate and 
10 ml. of tetrahydrofuran was added to a <^ 
propylamine solution prepared by adding 18.2 ml. or a 
15% n-butyl lithium he wine solution to a mixture or 3 g. 
of diisopropylamine and 20 ml. of letrahydrofuran at » 
°ernpera?ureoffrom -40' Cto -70' Cand .bender 
adding thereto 0.9 ml. of carbon disulfide at tempera- 
ture below -40- C. the resultant mixture was stirred 
for 20 minutes at the same temperature. Then, after 
adding to the resulting reaction mixture the lithium 
dHsopTopylamine solution of | of the aforesaid amount 
Ind carbon disulfide of i of the aforesaid amount at 
temperature of from -40' C. to -70* Cto cause re* 
tion,the lithium diisopropylamine solution of* of the 
aforesaid amount and carbon disulfide of J of the afore- « 
said amount were further added to the mixture to cause 
reaction. Then 9 g. of sodium diiodoacetate was added 
,o the reaction mixture followed by rising gradually the 
temperature and stirring for one hour at 0-5 C. and 
further for one hour at room temperature. The reaction *> 
mixture obtained was concentrated under reduced pres- 
sure and after adding 20 ml. of 10% hydrochlorK «d 
,o the residue formed, the product was ext^oed 
100 ml. of benzene. The extract was washed with water 
and concentrated under reduced pressure. The residue 
formed was subjected to a silica gel co^u^n chroir^tog- 
rmphy and 5.6 g. of 4-l(tert-butoxycarbonylXmethoxy>- 
methylene)-1.3-dithietane.2<arboxylic acid was ob- 
tained using a mixture of chloroform and ethanol of ^ 
10:2-5 by volume ratio as the eluant. 
Nuclear magnetic resonance spectra (CDCW 
6<p.p.m.): 1.52 (9H. (CH,)jCOOC-). 367 (3H. 
CHjO-V 

6$ 

4 W(IH. -C^ ^CH-k 

s 


14 

8.64 (1H. — COOH). 

EXAMPLE 7 



(a). By treating < .8 g of 7/J-amino-7a-methoxy-Ml- 
methyltelrazoJ-S-yOthiomethyl-A'Kephem-^rboxy- 

15 He actf benzhydryl ester and 0.8 g. of H(bcnzoylXl«Tt- 

butoxycarbon^ 

acid as in Example Ma). ?5 g. of 7M4-l(benzoylX- 
,ert.buloxycarbon y l)methyleneH.3^.th.etan-2.yl}c«- 
boxamido-7oniethoxy-3-(l-inethylteirazol-5.yl)tni- 
20 omethyl-A'-cephem-4-carboxyIic acid benzhydryl ester 

was obtained. ,„__. . 

Nuclear magnetic resonance s r«"» t^p 1 ™ 
6(p.p.m.): 124 (9H. tert-butyl). 3 60 (3H. -OCH0. 

25 

.V« t JH. **»n^' *■ 
I 

CH« 

30 4.39 (2H, — CHjS- of C O. 


33 


45 


30 


6.92 (IH, -Ca(CoHj)i). 

7.2-7 6 (15H. H of aromatic ring). 

"(I). By-' ttSSawV of the product ^obtained in step 
(a) as in Example 6Kb). 0.13 g. of 
boxy)meihyleneH.34ithietan-2.ylW^^ 
methoxy^-d-methyltetrazol-S-yDthiomethyl-A'-ceph- 

em-4-carboxylic acid. nMVt , 
Nuclear magnetic resonance spectra (D 6 -DM5U) 
(p.p.m): 3.46 (3H. -OCHj). 


J.*S (Ml. "^N »■ 
I 

CHj 


4.32 (2H.-CHi— ofCj), 
5.19 (1H. HofC*). 

53 s 

«0 7.48 (5H. dHs-OC— X 
9.72 (IH. -CONH-V 

REFERENCE EXAMPLE 3 

63 <CH„<ooc ^ >Haxw 

OC^ ^tT 


o- 


In a mixture of 2.2 g. of tert-butyl benzoylacetate and 
20 ml. of tert-butanol was dissolved 0.24 g. of sodium 
hydride (50% in oil), and 0.6 ml of carbon disulfide was 
added to the solution at 15*-20 # C. followed by stirring 
for 40 minutes, 0.24 g. of sodium hydride (50% in oil) 5 
was then added to the mixture followed by stirring for 
one hour. To the reaction mixture obtained was added 
1.32 g. of sodium dichloroacetate followed by stirring 
for 4 hours at room temperature. The reaction mixture 
was concentrated under reduced pressure and after 10 
adding 30 ml.*of 1 normal hydrochloric acid to the 
residue formed, the product was extracted with 30 ml. 
of benzene. The extract was washed with water, dried, 
and concentrated under reduced pressure. By adding a 
mixture of benzene and n-hexane of 3:1 by volume ratio 13 
to the residue formed, 0.9 g. of the yellowish crystals of 
4-I(benzoylXtert-butoxycarbonyl)methylene]-l,3- 
dithieiane-2-carboxylic acid were obtained. 

EXAMPLE S 20 



COOH CHt 


(a). In 10 ml. of anhydrous tetrahydrofuran were 
dissolved 0.3 g. of 4-[(tert-butoxycarbonyIXmethylthi- 
o)methylene]-l,3-dithietane-2<arboxylic acid, 0.2 g. of 
N.N'-dicyclohexylcarbodiimide, and 0.5 g of 70- 
amino-7a-methoxy-3-< I •methyltetrazol-5-yl)thiometh- 
yl-A 3 -cephenv4-carboxylic acid benzhydryl ester. Then 3J 
the solution was stirred for one hour at room tempera- 
ture. The solvent was distilled off under reduced pres- 
sure. The residue formed was subjected to a silica gel 
column chromatography and 0.3 g. of 7/5-{4-[(tert- 
butoxycarbonylXmethyllhio)methylene]-l,3-dithietan- ^ 
2-yI}carboxamido-7a-methoxy-3-(l-niethyltetrazol-5- 
yl)thiomethyl-A J <ephem-4<arboxyIic acid benzhydryl 
ester was obtained using a mixture of benzene and ethyl 
acetate of 9:1 by volume ratio as the eluant. 

Nuclear magnetic resonance spectra (CDCIj) 4s 
6Xp.p m ): 1.52 (9H, tert-butyl), 2.22 (3H, CHjS-), 
3.78 (5H, -OCH3 «nd -CH2- of C2X 


I 

CH, 

4.24 <2H. -CH 2 S— of C) I. 
S 

4 72 OH. -c' VH- > 


50 


55 


5.08<lH,HofC6). 
6.92 (1H, -CH(C6H$hX 

7.35 (10H. -CH(C6H}hX «° 
7.80<1H,-CONH-X 

(b). In 1.5 ml. of antsole was dissolved 0.3 g. of the 
product obtained in step (a) and while stirring the solu- 
tion at -5* C S ad. of trifluoroacctic acid was added 
dropwise to the solution at temperature of from — S - C. 65 
to -3' C. followed by stirring for one hour at 0*-3* C. 
The reaction mixture was evaporated to dryness under 
reduced pressure and ether was added to the residue 


\ 


10 


16 

formed. The precipitates were recovered by filtration 
and washed well with ether and dried over phosphorus 
pentoxide under reduced pressure to provide 0.17 g. of 
7/}-{4-I(carboxy Xmethylthio)methyIene]- 1 ,3-dithietan- 
2-yl}carboxamido-7a-methoxy-3-{l-methyltetra2ol-5- 
yDthiomethyl-A^-cephem^carboxylic acid. 

Nuclear magnetic resonance spectra (D^DMSO) 
Kp.p.m.): 1.16 (3H. CH>S->, 3 43 <3H. - -OCH0. 
3.62 <2H. -CH 2 — ofC 2 >. 


wonts' 
I 


CHi 


IS 


4.30 (— CH:S— of CO* 
5.09 OH. HofG»), 


20 


9 


9.65(lH.-CONH-). 
« REFERENCE EXAMPLE 4 


30 


tCIIOiCIXJC. 


In 14 ml of anhydrous tetrahydrofuran was sus- 
pended 0,96 g. of sodium hydride {507c in oil). After 
adding dropw ise a mixture of 20 ml. of tert-butanol and 
15 ml. of anhydrous tetrahydrofuran to the suspension. 
35 the mixture was stirred for 10 minutes at room tempera- 
ture. Then, to the mixture was added a mixture of 1.62 
g of ten-butyl methyhhioacctate and 5 ml of anhy- 
drous tetrahydrofuran at 3*-5* C. and aHer 30 minutes, 
^ 6 ml of carbon disulfide was added to the mixture at 
the same temperature followed by stirring for 50 min- 
utes. Then, 3.34 g. of sodium diiodoacetate was added 
to the mixture at temperature below 7* C. and they 
were caused to react for 50 minutes under ice-cooling. 
4S The solvent was distilled off under reduced pressure, 
the residue formed was dissolved in 50 ml of ice-water, 
and the solution was washed twice each with ether. The 
aqueous layer formed was recovered, adjusted to pH 2 
with \M hydrochloric acid, dried over anhydrous 
50 magnesium sulfate, and then ether was distilled off 
under reduced pressure. The residue was subjected to a 
silica gel column chromatography and 1.3 g. of oily 
4-[(tert-butoxycarbonylKmethylthio)methylene]-lt3- 
dilhietane-2-carboxylic acid using a mixture of chloro- 
55 form, methanol, and formic acid of 95:5:2 by volume 
ratio as the eluant. 
Nuclear magnetic resonance spectra (CDCu) 
8(p.p.m.): 152 (9H. (CHOjCOOC-), 2.22 <3H. 
CHyS-\ 

60 

S 

/ \ 

4 74 <IH. ^CH— k 

S 

65 ~ 
9.12 (1H, -COOH). 

EXAMPLE 9 


17 



(a). By treating 0.15 g. of 4-[(tert-butoxycarbonyl)(e- 
lhylthio)mcthylene]- 1 ,3-dithietane.2-carboxylic acid. 
1 g. of N.N'-dicyclohexylcarbodiimide, and 0.26 g. or 
7/J-amino-7a-rocth3xy3-(l-methylietra2ol.5.yl)thi- 
omethylA , -cephem-4-carboxylic acid benzhydryl ester , 5 
as in Example 8-<a). 0.14 g. of 70.{4.l(ien.butoxycar. 
bonylKethylthio)methylenel-1.3^ithieUn-2-yl)carbox- 
amido-7a-methoxy.3KI-methyltctra2ol-5-yl)iroometn- 
yl-A , -cephem-4-carboxylic acid benzhydryl ester was 

obtained. 20 
Nuclear magnetic resonance spectra (CUtlj) 
«pp.m.): 122 (3H. CHjCH 2 S-). 152 <9H. tert- 

butyl). 2.68 (2H. CHjCHjS-). 3 58<5H. * 

C 2 and -OCHj). 3.82 (3H. -OCH>). 4.38 (2H. 

— CHj— ofCjX 25 


s 

4 70(IH J 


9 

-<)CH- 


30 


5.08 (1H. HofCe). 
6.92 (1H, -CH(C6H$h). 
7.32 (10H. -CH(C«Hjh). 

7.79 0H.-CONH-). »« 
(b). By treating a mixture of 0.14 g. of the product " 
obtained in step (a). 1.5 ml. of anisole. and 5 ml. or 
triduoroacetic acid as in Example 8-(b). 0.07 g. or 70- 
{4-l(carboxyXethyUhio)methylene]-1.3-dithitUn-2- 
yl}carboxamido-7a-methoxy-3-(l-meihyltetrazol-5. 
yl)thiomethyl-A J -cephem-4<arboxylic acid was ob- 
tained. 

Nuclear magnetic resonance spectra (D*-DMSO) 
oCp.p.m.): 114 (3H. CHjCH 2 S->. 2.62 (2H. 

CHjCHiS-). 3 43 (3H. —OCHj). 3.61 (2H. -CH 2 - ^ 

ofCi). 


I 

CHj 50 

4.28 (2H. -CH 2 S- of Cj). 
5.08 (1H. HofCt). 


9 


9.64 (1 H. — CONH— )• , «o 
REFERENCE EXAMPLE 5 

CHjCHjS^ » « 

By treating 3.4 g. of tert-butyl ethylthioacetate as in 
Rererence example 4. 4.05 g. of oily 4-[(«ert*« ,0 »y cw " 


18 


10 bonylKcihyhhio)mcthylcnc]- 1 ,3-dithietane-2-carboxy- 

lie acid was obtained. 
Nuclear magnetic resonance spectra (CDCI.0 
6(p.p.m): 1.42 <3H, CH*CH:S-). 152 <9H, 

(CHjibCOOC 2.68 (2H, CHjCH^S-). 

15 

4.76 <IH. XH— I 

S 

20 9.52(lH.-COOH). 

EXAMPLE 10 


CHtfXK" OCHi 

25 / 

CHiOOC 


i I \ , I ^ S ^ N N 

5 o* L N ^^"-^^ 


I 

C<X)H CH; 


30 

In 5 ml. of methylene chloride was dissolved 400 mg. 
of 4-[bis(methoxycarbonyl)meihy1ene]- 1 ,3-dithietane-2- 
carboxylic acid. After adding thereto 180 mg. of pyri- 
dine and further 290 mg. of phosphorus pentachloride 

35 under ice-cooling, the mixture was stirred for 30 min- 
utes. The solution was added to a solution prepared by 
dissolving 500 mg. of 7/J-amino-7a.methoxy-3-(l- 
methyltetrazol-S-ylJihiomethyl-A^-cephem-i-carboxy- 
lic acid benzhydryl ester in 10 ml of methylene chloride 

40 and cooling the solution to -20 # C. to -30* C. The 
mixture was then stirred for one hour at the same tem- 
perature. The reaction mixture was washed succes- 
sively with 10 ml. of water, 5 ml. of diluted hydrochlo- 
ric acid, and 5 ml. of water, then dried over anhydrous 

45 magnesium sulfate, and distilled under reduced pres- 
sure. The residue was subjected to a silica gel column 
chromatography to provide 450 mg. of 7/5-l4-{bis(me- 
lhoxycarbonyl)methylene}-l,3^dithietan-2-yll-carbox- 
amido-7a-methoxy-3-{l-methyltetrazol-5-yl)thiometh- 

50 yl-A'<ephem-4-carboxylic acid benzhydryl ester using 
a mixture of chloroform and ethyl acetate of 6:1 by 
volume ratio as the eluant. 
Nuclear magnetic resonance spectra (CDCI.0 
6(p.p.m ): 3.58 (5H, CH>0— of C7 and -CH:- of 

55 C 2 ). 3.80 (6H. -COOCH.0, 



4MOH 


65 


S.07(lH.HofC6). 
6.93 (1H. -CH(C6H 5 h>. 


19 

7.36 ( I0H, H of phenyl of -CH(CtHs)2)- 

In a mixture of 4 ml. of trifluoroacetic acid and I ml. 
of anisole was dissolved 400 mg of 70-[4-{bis(melhox- 
ycarbony IJmethy lene}- 1 ,3-dithietan-2.y IJcarboxamido- 
7a-methojiy-5-<l-melhyltetra2ol-5-yl)lhiomethyl-A J - 
cephem-4-carboxylic acid bcnzhydryl ester. The solu- 
tion was stirred for one hour under ice-cooling. The 
reaction mixture was evaporated to dryness and the 
residue was mixed with ether. The product was recov- 
ered by filtration, washed well with ether, and dried 
overnight over phosphorus pentoxide under reduced 
pressure to provide 200 mg. of 7^-[4-{bis(methoxycar- 
bonyl)methylene}-l,3-dilhietan-2-ylJcarboxamido-7a- J$ 
melhoxy^-CI-methyltetrazol-S-yOthiomethyl-A'-ccph- 

em-4-carboxylic acid. 
Nuclear magnetic resonance spectra (D6-DMSO) 
6(p.p.m): 3.44 (3H t CHjO- of C 7 >, 3 70 (6H. 

— COOCH3), 


10 



4 29<2H. 


5«<IH> ^ 

1 CH-»ndHof< 

5I*<IH) J 


REFERENCE EXAMPLE 6 


CHiOOC S 

\:«C CHCOOH 

CHicxxr s 


20 


25 


30 


35 


40 


In 10 ml. of anhydrous tetrahydrofuran was sus- 
pended 2.1 g. of disodium 2.2-bis(methoxycarbonyl- 
)ethylene- 1 1 1 -dithiolate. 

After adding 2.2 g. of sodium dibromoacetate to the 45 
suspension, the mixture was stirred for 2 hours at room 
temperature. The solvent was distilled ofT from the 
reaction mixture under reduced pressure and the resi- 
due was dissolved in 5 ml of water. The solution was 
adjusted to pH 3.5-4.0 with diluted hydrochloric acid 50 
and extracted with ethyl acetate. The extract was dried 
over anhydrous magnesium sulfate and the solvent was 
drilled ofT under reduced pressure. The residue was 
mixed with ether and filtered to provide 1.5 g. of 4-Ibis(- 55 
metrK>xycarbonyl)methylene]-l,3-dithietane-2-carboxy- 

lic acid. 

Nuclear magnetic resonance spectra (D*DMSO) 

ft (ppm^ 3 70 <6H. CHiOOC^ *° 

/ 

CHOOC 

$J0(,H - A 65 

mc CM- > 
\ / 
S 


20 

EXAMPLE II 


HCXXT S och, s 

l«K»C S J— N ^J-CH;S-^ ^ 


C<X>H CH« 


10 


(a). In 3 ml. of methylene chloride was dissolved 500 
mg. of (4-bis<tert-butoxycarbonyl)methylene-K3-dithie- 
tan-2-yllcarboxyIic acid. Then after adding 226 mg. of 
pyridine and further ?40 mg. of phosphorus pentachlo- 
15 ride to the solution under ice-cooling, the mixture was 
stirred for 30 minutes. The mixture was added to a 
solution prepared by dissolving 500 mg. of 7^-amino- 
7a-methoxy.3-(l-methyltetrazol-5.yl)-thiomethyl-A - 
ccphem-4<aboxylic acid benzhydryl ester in 10 ml. 
20 methylene clhoride and cooling to a temperature of 
from -20* C. to -30* C. and the mixture was stirred 
for one hour at the same temperature. The reaction 
mixture was washed successively with 10 ml. of water, 
25 5 ml. of diluted hydrochloric acid, and 5 ml. of water, 
dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off under reduced pressure. The 
residue was subjected to a silica gel column chromatog- 
raphy using a mixture of chloroform and ethyl acetate 
30 of 6:1 by volume ratio as the eluant to provide 300 mg. 
of 7/3-[4-{bis(tert-butoxycarbonyl)melhylene}-K3- 
dithietan-2-yllcarboxamido-7a-mcthoxy-3-(l-methyl- 
tetrazoM-yOthiomethyl-A^ephem^arboxylic acid 

benzhydryl ester. 
35 Nuclear magnetic resonance spectt a (CDCIj) 

8(p.p.m.): 1.50 (18H, t-C^g), 3.60 (5H. CHjO- of 
C7 and — CH 2 — ofC:* 


N N 

40 fc I 

3.86 OH. 

N 
I 

CH< 

44CH2H. — CHj-S— irfCU 
45 K. 

4MOH. — C CH— K 


5.10 <1H, H of C 6 ), 6.94 <IH, -CmCor^fc), 7.38 

50 (10H, H of the phenyl of — CHtCfeHsto) 

(b). In a mixture of 4 ml. of trifluoroacetic acid and 
0.5 ml. of anisole was dissolved 200 mg. of 7^-[4-{bis(- 
tert-butoxycarbonyl)methylene}-1.3-dithietan-2-yllcar- 

„ boxamido-7a-methoxy-3-(l-methyltetrazol-5-yl)thi- 
omethyl-A'<ephem-4-carboxylic acid benzhydryl es- 
ter. The solution was stirred for one hour under ice- 
cooling. Then, the solvents were distilled off under 
reduced pressure and ether was added to the residue 

GO formed to form precipitates which were recovered by 
nitration. By washing the precipitates with ether, 100 
mg. of 7/5-{4-(dicarboxymethylcne>-l,3-dithietan-2- 
y|}carboxamido-7o-methoxy-3-< 1 -methy ltetrazol-5- 
yl)thiomethyl-A , -cephem-4-carboxylic acid was ob- 

65 tained. mMcrw 
Nuclear magnetic resonance spectra (Db-DMbO) 
5(p.p.m ): 3.44 (3H. CH3O- of C7X 3.64 (2H. -CH>- 
oTC 2 X 


21 


J.V OH. N N 

I 

CH. 

4.10 «H. — CH : — S— of C» ». 


5I»(IH> 


10 


HofC«nd / CH ~ 

S 

5.24 (IH) 

REFERENCE EXAMPLE 7 „ 
(CHOjCOOC 

C— C CHCOOH 

' \' 

<CH0«COOC S 20 

By following the same procedure as in Reference 
example 6 using disodium 2.2-bis(tert-butoxycarbonyl- 
tethylene-U-dithiolate. 4-[bis0ert-butoxycarbonyl)me- 
lhylene]-l.3-dithietaae-2-carboxylic acid was obtained. 2 $ 

Nuclear magnetic resonance spectra (Db-DMSO) 


it P .,,m.|: I 4»<0H. <CH»>*COOC-». 

s 

/ \ 30 
J.WIIH.-C ^CH-> 

S 


EXAMPLE 12 

NC S OCH> 


| • S 

C»C[ ]CHCONH-| { ^| N \ 


H;NC() S 


* v^CH^ N 


COOH CHi 


(a). In 12 ml. of tetrahydrofuran were dissolved 370 45 
mg of 7^-amino.7o-methoxy-3Kl-«nethyltetrazol-5- 
y|)ihiomethyl.A'<ephem-4-carboxylic acid Ibenihydryl 
ester. 150 mg. of N.N'Hiicyclohexylcarbodiimide. and 
150 mg. of 4-[(carbamoylKcyano)methylene]-l,3«ditliie- 
tane-2-carboxylic acid followed by stirring for 2 Jiours ^ 
at room temperature. The precipiutes which had 
formed were filtered off and the solvent was distilled off 
from the filtrate under reduced pressure. The residue 
was subjected to a silica gel column chromatography 
using a mixture of chloroform and iso-propanol of 9:1 „ 
by volume ratio as the eluant to provide 190 mg. or 
7/5-[4-{(carbamoylXcyano)methylene}-1.3-dithietan-2- 
ylcarboxamido]-7a-methoxy3-(l-inethyltetra2ol.5. 
yDthiomethyl-AJ-cephem-A-carboxylic acid benihydryl 

^Nuclear magnetic resonance spectra (CDClj) 

*p.pm>. J 35 OH. 2H.-CHjO and -CH 2 - of C: k 

JJ3(3H,CHi-N I 
4.J2 UH. — CH:— of Cj k 


60 


65 


22 


■continued 

s 


5.20 (IH> 


alM | mc CHCO— 


S 

• »I(IH. *:CtJ— »■ 

l.MI < I0H. «C*U«>;CH— * 

(b). In 10 ml. of methylene chloride was dissolved 1W 
.„ me of the product obtained in above step (a). After 
10 adding thereto 0.5 ml. of anisole, the mixture was 
cooled to -20' C. Then, after adding dropwise 25 ml. 
of trifluoroacetic acid to the mixture at a temperature of 
from -20* C to -10* C, the mixture was stirred I for 
„ one hour at - 10' C to 0* C. 1 he solvent was distilled 
1 ofT under reduced pressure and after adding 15 ml. or 
ether to the residue formed, the mixture was stirred for 
20 minutes. Then, the mixture was filtered under re- 
duced pressure and the precipitates thus obtained were 
washed well with ether and dried under reduced pres- 
20 sure to provide 80 mg. of 7/M4-}(carbamoylXcyano}. 
methylene}-U-dithietan-2-yl carboxamidoj-7o. 
methoxy-S-U-methyltetrazol-S-yDthiomethyl-A^eph. 

em-4-carboxylic acid. _ ucn . 
Nuclear magnetic resonance spectra (DtrUMSU) 
25 A(p.p.m ): 3.44 <3H. CHiO-). 3.84 (2H. -CH>- of 
Ci). 


30 


.V«* OH. CHi— N 

~N m N 

4.32 I2M. — CM:-ofCU. 
5 POM. HofCa 


s 

/ \ 

45 5.MOH.-C ^CHCO-t 

S 


REFERENCE EXAMPLE 8 

SO 


C«C CHC<>t>CtCHO> 

/ \ / 

H;NOC S 

55 In 50 ml. of dimethyl sulfoxide was dissolved 4.8 g. of 
disodium 2-carbamoyl-2<yano^thylene-l t 1-dithioUte. 
After adding 6.28 g. of tert-butyl dibromoacetate to the 
solution, the mixture was stirred for 48 hours at room 

60 temperature. The solvent was distilled off from the 
reaction mixture obtained under reduced pressure and 
the product was extracted with ethyl acetate. The ex- 
tract was washed with water and then an aqueous so- 
dium chloride solution, dried over anhydrous magne- 

65 sium sulfate, and then the solvent was distilled off under 
reduced pressure. Ttie residue was subjected to a Mltca 
gel column chromatography and 0.8 g of tert-butyl 
4-I(carbamoylXcyano)methylene]-l,3Hdithietanc-2-car- 


23 

boxylate using a mixture or chloroform and ethyl ace- 
tate of 7:1 by volume ratio as thed"««- 
Nuclear magnetic resonance spectra (Dh-DMSO) 

S 


Uppm t M7lW.lCH.il«COOC— i. 

S 

/ V 

5.42<IH.-C^ ^CH-l. 
S 


REFERENCE EXAMPLE 9 


10 


C-C CHCOOH 
H:NOC S 

To 0.4 g. of tert-butyl 4-[(carbamoylKcyano)me- 
thylenel.l.3Hlithietan-2<arboxy1ate obtained in Reftar. » 
ence example 7 were added 2 ml. of anisole and 18 ml of 
trifluoroacetic acid. The mixture was then stirred for 
on" hour at room temperature. The solvents were d«- 
tilled off under reduced pressure and the residue was 
mixed with 10 ml. of ether followed by stirnng for one » 
hour. The precipitates thus formed were rccoveredby 
filtration, washed with ether, and dried under reduced 
pressure to provideO.15 g. of 4-l(carbamoylXcyano)me- 
lhylene]-l.3-dithietane-2-carboxyl«c acid. 

EXAMPLE 13 


30 


V=C CHCONH-^ f ^1 | I 

/ w T7. 1 X* 


NC S q J- N Y^CH:S^N 

COOH CH» 

(a) In 12 ml. of methylene chloride was dissolved 40 
43 g. of 7^-mino-7a-methoxy-3-<l-methylietraiol-5- 

yOthiomethyl-AWem^^ 
«ter After cooling the solution to -40 C . 0.65 g. «T 
pyridine was added thereto. Then. • « » ut«o prepared 4 , 
by dissolving 0.2 g. of Mdicyanomethylene)-1.3Klirt»e- 
Une-2<arboxylic acid in 8 ml. of methylene chloride, 
adding 0.21 g. of phosphorus pentachloride. and stirring 
the mixture for 25 minutes at room *mpe r ature was 
added dropwise to the above-prepared mixture a a M 
Smperature of from -40' C to -25' C and theni the 
mixture was stirred for one hour at -30 C to -20 C. 
Afl« the reaction was over. 60 ml. of chloroform was 
added to the reaction mixture and the mixture was 
washed with 1% hydrochloric acid, water, •ndthena „ 
saturated aqueous sodium chloride solution. The or- 
ganic layerformed was recovered and dned 
drous magnesium sulfate. The solvents were distil led off 
under reduced pressure and the residue was subjected 
to a silica gel column chromatography to provide 0.37 w 
g of 7MWyar*>niethykneH^^ 
fcxamido.7a-methoxy.Hl-met^ 
omethyl-A'<ephem-4^rboxylH: «:k! b^rahyd yl erter 
using a mixture of chloroform and iso-propanol of 40:1 
by volume ratio as the eluant. 65 
Nuclear magnetic resonance spectra (CDtljl 

« P P m.Y J.J* (5H. -CHj- Cj Md -OCM,». 


3S 


24 

■continued 

CH. 

4. MM2H. — ClljS— nfC»K 

5. HM2H. H«fC*»nd«^ / tH ~ K 

S 


6.90 (IH. -CH(C6Hs)2> 

7.30 (10H. — CH(C*Hj)2). _ „ . , 

(b). In 10 ml. of methylene chloride was dissolved 
37 g of the | roduct obtained in above step (a). Alter 

15 addine 0.5 ml. of anisole to the solution, the mixture was 
cooled to -20* C. Then. 2 ml. of ^nuoroacetic acid 

• was added dropwise to the mixture at - 20 C. to - iu 
C and the resultant mixture was stirred for 30 minutes 
at -10* C to -5* C. The solvent was distilled on 

» under reduced pressure and 20 ml. of ether was added 
to the residue followed by stirring for 30 minutes Tlie 
mixture was filtered under reduced pressure and the 
precipitates obtained were washed well with ether and 
dried under reduced pressure to provide 0.21 g. of 70- 

" [4Kdicyanomethylene)-l.JKlithictan-2-yl]carboxamido. 
7a-methoxy-Hl-methyltetrazol-5-yl)thiomethyl-A - 

cephem-4-carboxylic acid. nM«ni 
Nuclear magnetic resonance spectra (D*DM*u> 
«p.p.m): 3.44 (3Hr~OCH0. 3.64 (2H. -CH 2 - of 


30 C2). 


}M OH. ^N*" *■ 

35 

4.30 (2H. -CH>S- of Cj). 5.18 (1H, H of C*). 

s 

*° 9JH <IH.-^ ^CH-I 

S 


4J REFERENCE EXAMPLE 10 

NC " 8 

^C«C CHCCJOCtCHjM 

' V 

SO NC 5 

To 15 ml. of methylene chloride was added 078 of 
tert-butyl 4-[<carbamoylKcyano)methylene]-U-dithie. 
tane-2-carboxylate obtained in Reference exampte 7 
,5 After adding thereto 0.33 g. of pynd.ne and 43 g. of 
phosphorus pentachloride. the mixture ;*»"fj>™ 
30 minutes at room temperature. Then. 30 m^hloro. 
form was added to the reaction > mixture :and the mirture 
was washed with 1 normal sulfunc acid, a i% aqueous 

«0 sodium carbonate solution, and then a saturated «|ue- 
ous sodium chloride solution. The mixture then 
dried over anhydrous magnesium sulfate w»d the sol- 
vent was distilled off under reduced pressure. The resi- 
due formed was subjected to a silica gel ^r^J" ; 

65 myography to provide 0.23 g of tert-butyl 4- 
dkyanoLl.ylene.l.Withieun-2<arboxytate using 

chloroform as the eluant. . 
Nuclear magnetic resonance spectra iclw-uj 


25 

6(p p m.): 1.54 (9H. -COOC(CHj)0 


$02(IH.«C^ ^CH-l. 
S 


REFERENCE EXAMPLE 11 


NC 

' \' 

NC S 


10 


IS 


To 23 g. of lert-butyl 4-dicyanomethylene-1.3- 
dithietane-2-carboxylate obtained in Reference example 
9 were added 2 ml. of anisole and 6 ml. of trill uoroacetic 
acid. And the mixture was stirred for 3 hours at room 
temperature. The solvents were distilled off under re- » 
duced pressure and 10 ml. of hexane was mixed with the 
residue followed by stirring for 10 minutes. The solvent 
was removed by decantation. Then the same procedure 
was applied twice to the residue thus formed. The re*- 
due was then dried under reduced pressure to provide 
0.18 g. of 4-dicyanomethylene-1.3-dithietane-2-car- 

boxylic acid. 

EXAMPLE 14 


HCXXTH-C CHCONH-J p ^1 I 


30 


COOH ^ 


(a). In 20 ml. of methylene chloride was dissolved 
0714 a of4-(tert-butoxycarbonylmethylene)-1.3-dithie- 
tane.2tcarboxylic acid. Then 0.454 g. of pyridine was 
added to the solution followed by cooling to a tempera- 
ture below 5* C. Thereafter. 0.630 g. of phosphorus 
pentachloride was added to the mixture to cause the 4j 
reaction for one hour at a temperature below 10 C. The 
reaction mixture obtained was cooled to about - 50 C. 
and a solution prepared by dissolving 1.5 g. of 7^- 
»mirK>-7a-iwthoxy-Hl-methyltetra2ol.5-yl)thiometh. 

yl-A'<ephem-4-carboxylic acid benzhydryl ester in 15 n 
ml. of methylene chloride was added dropwise to the 
reaction mixture. Then. 3 ml. of pyridine was added and 
the reaction was performed for 1 hour at -30 Cto 
— 35* C After the reaction was over, 20 ml. oi o normal 
hydrochloric acid was added to the reaction mixture at J5 
a temperature below 0* C. The methylene chloride 
layer formed was recovered and the aqueous layer was 
further extracted with 20 ml. of methylene cktonde. 
The extract was combined with the methylene chloride 
layer and the mixture was washed twice each time with to 
20 ml. of a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off to provide 1.89 g. of a brown 
caramel residue. The residue was subjected to a wWca 
gel column chromatography to provide 0.308 g . or 70- 65 
l(4-tert-butoxycarbonylmethyIene)-l,3-dithietan-2- 
yllcarboxamido-7a-methoxy-3-(l -methyltetraiol-5- 
yl)thi()inrthyl-A , <ephcm-4-c*rboxylic acid benzhydryl 


s 


10 


IS 


26 

ester using a mixture of ethyl acetate and n-hexane of 
2:1 by volume ratio as the eluant. 
Nuclear magnetic resonance spectra (D ft -DMSO) 
6(p.p.m ): 140 (9H. tcrt-butyl). 3.44 <3H r — OCHi). 


.VHMJW. N K 
CH* 

5.:.MIH. HofC*>. 
5.33 OH. xs< s >CH— I 
M(IH. — CH»<*>>. 


6.88 <1H, — CHCCbHsh) 
9.66(lH,-CONH->. 

(b). In 1.7 ml. ofanisole was dissolved 0.3 g. of the 
product obtained in aforesaid step (a). After cooling the 
20 solution to a temperature below -5* C, 5.1 ml. of tri- 
fluoroacetic acid was added dropwise to the solution at 
a temperature below 0* C. Thereafter, the reaction was 
performed for 30 minutes at 0*-5* C. and then for 30 
minutes at 5*-10' C. After the reaction was over, anis- 
25 ole and trifluoroacetic acid were distilled off under 
reduced pressure and the residue was powdered with 
the addition of ether. The powder was washed well 
with ether, and dried to provide 0.1584 g. of faint-yel- 
low powdery (7^-[4-{carboxymethylene)-l,3-dithietan- 
30 2-yl]carboxamido-7a-methoxy-3-< 1 -methyltetrazol-5- 
y|)thiomethyl-A^cephem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (D b -DMSO) 
6(p.p.m ): 3.43 <3Hr~OCH*). 


35 


CHi 


5.17 OH. HnfC*>. 


45 


S S 
S.MClH. — CH«^ 

S 


9.63 (1H, -CONH-) 

REFERENCE EXAMPLE 12 

50 A mixture of 80 ml. of dimethoxy ethane and 20 ml. of 
tetrahydrofuran deoxygenated by distillation was 
cooled below -70* C in a nitrogen stream and after 
adding thereto 2 ml. of N-isopropylcyclohexylamine 
and 6.86 ml. of a 13% n-butyl lithium n-hexane solution, 

55 1.16 g. of tcrt-butyl acetate was added dropwise to the 
mixture. Then, the reaction was performed for 30 min- 
utes at a temperature below -70* C. and then 0.664 ml. 
of carbon disulfide was added to the reaction mixture 
over a period of about 30 minutes at a temperature 

60 below -72* C. The reaction mixture colored light yel- 
low. After further causing the reaction for 20 minutes at 
a temperature below -70* C. 6.8 ml. of 15% n-butyl 
lithium n-hexane solution was added dropwise to the 
reaction mixture over a period of 15 minutes at a tem- 

65 perature below -72* C. Thereafter, the reaction was 
further performed for 20 minutes at a temperature 
below -70* C. and then a solution containing crystals 
of sodium diiodoacetatc prepared from 0.48 g. of 50% 


10 
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sodium hydride and 3.12 g. of diiodoaccttc acid in 15 ml. 
of dimethoxyelhane was added to the reaction mixture. 
The temperature of the reaction mixture was allowed to 
raise to room temperature and the reaction mixture was 
further reacted overnight. The solvent was distilled off 
and the black-brown oily material obtained was ex- 
tracted with the additions of 50 ml of cold ether and 20 
ml. of I normal hydrochloric acid. 

The aqueous layer was further extracted with the 
addition of 30 ml. of cold ether and the extracts were 
combined. The mixture was washed twice each time 
with 30 ml. of a saturated aqueous sodium chloride 
solution, dried over anhydrous magnesium sulfate, and 
then ether was distilled off to provide 3 g. of a brown l$ 
oily product. The product was subjected to a silica gel 
column chromatography to provide 0.564 g. of 4-(tert- 
butoxycarbonylmethylene)-l t 3-diihietane-2-carboxylic 
acid using a mixture of chloroform, methanol, and for- 
mic acid of 95:3:2 by volume ratio as the eluant. 20 

Nuclear magnetic resonance spectra (D fe -DMSO) 

6<p p.m.): 1.45 (9H, tert-butyl), 


s 

s s 

5 WMH.-CH«^ 

S 


25 


30 


EXAMPLE IS 

CHiSO: 


N — N 35 


40 


(a). In 8 mi. of methylene chloride was dissolved 0.32 
g. of 7^J-amino-7a-methoxy-3-(l-methyltetra2ol-5- 
yl)thiomethyl-A , <ephem-4-carboxylic acid benzhydryl 
ester. After cooling the solution to -30* C, 0.48 g. of 45 
pyridine was added to the solution. Then, a solution 
prepared by dissolving 0.37 g. of 4-[(tert-butoxycar- 
bonylKmethylsulfonyl)methylene]-l,3-dithietane-2-car- 
boxylic acid in 8 ml. of methylene chloride and adding 
thereto 0.25 g. of phosphorus petachloride and 0.18 g. of 30 
pyridine was added dropwise to the solution at a tem- 
perature of -40* C. to -30* C After stirring the mix- 
ture for one hour at -30* C to -20* C, 50 ml. of 
chloroform was added to the mixture and the resultant 
mixture was washed with \% hydrochloric acid, water, 
and then a saturated aqueous sodium chloride solution, 
and dried over anhydrous magnesium sulfate. The sol- 
vent was distilled off under reduced pressure and the 
residue was subjected to a silica gel column chromatog- ^ 
raphy to provide 0.25 g. of 70-{4-l(tert-butoxycar. 
boaylH»>ethylsulfonyl)methylene]*l f 3-dithietan-2*yl}- 
carboxamido-7a-methoxy*3- (l-methyltctrazol-5-yl)thi» 
OfiKthyl-A 3 *c«phem~4<arboxylic acid benzhydryl ester 
using a mixture of chloroform and tsopropanol of 40:1 65 
by volume ratio as the eluant 

Nuclear magnetic resonance spectra (CDCIj) 

Kp.p.m.y 1.54 (9H, tert-butyl) 


28 


> 


.viM3H.oiiSO* 

5 

,V5* (Mi: — -OCHj >. 

3*4 <3H. ^N^Il 
I 

CH< 

10 4.IM2H. — CH : — of C O. 

5 07<IH. H of 

s 

Ml 1111. «^ ^CH>. 
15 S 

691 (IH t -CH(C6H 5 )2). 
7.30 <I0H, -CH(C6Hj)2). 
(b). To 2.5 ml. of anisolc was added 0.2 g of the 
20 product obtained in step (a), the solution was cooled to 
-20' C, and then 10 ml. of trifluoroacetic acid was 
added dropwise to the mixture at -20* C to - 10* C 
Then, after stirring the mixture for 20 minutes at the 
same temperature, the mixture was further stirred for 40 

2 minutes a; 10* C The solvent was distilled ofT under 
reduced pressure, the residue formed was mixed with 30 
ml. of ether, and the mixture was stirred for 20 minutes. 
The reaction mixture was filtered under reduced pres- 
sure and the precipitates thus obtained were washed 
well with ether and dried under reduced pressure to 
provide 0.08 g. of 7/5-{4.[(carboxyXmethylsulfonyl)- 
methylene]- l,3-dithietan-2-yl}earboxamido-7a- 
methoxy-3-< 1 -methy!teirazol-5-yl)thiomethyl-A '<eph- 

35 em-4-carboxylic acid. 

Nuclear magnetic resonance spectra (Do-DMSO) 

Hp p m ) 3.20 OH. ^" ) " 
40 CH>SO : 
3 45 (Mir— OCHa 
3 62 <2H, — CH:— i^C: ». 


45 


3.45 (3Hr— OCH0. 

3.62 (2H. — CH 2 — of C 2 ). 


3 *4<3H.^N*^ i 
I 

50 CHi 

4.30 <2H. — CH;— nfCa 

S 


55 


' s 


REFERENCE EXAMPLE 13 


<CH0»COOC S 
60 C-C CHCOOH 

chxSO: s 

In 65 ml. of tert-butanol was dissolved 2.05 g of 
65 tcrt-butyl melhylsulfonylacctate. After adding thereto 
1.32 g. of potassium tert-butytate, the mixture was 
stirred for 5 minutes. After adding dropwise 0.91 g. of 
carbon disulfide to the mixture and stirring them for 5 
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minutes, 1.32 g. of potassium tert-butylate was added to 
the mixture followed by stirring for one hour. Then, 3.8 
g. of diiodoacettc acid and 1.32 g. of potassium tert- 
butylate were added to the mixture and the resultant 
mixture was stirred overnight. The solvent was distilled 5 
off from the reaction mixture obtained under reduced 
pressure. The residue formed was mixed with water, 
adjusted to pH 2 with 10% hydrochloric acid, and ex- 
tracted with ethyl acetate. The extract was washed with 
water and then a saturated aqueous sodium chloride 10 
solution, dried over anhydrous magnesium sulfate, and 
then the solvent was distilled off under reduced pres- 
sure. The residue was subjected to a silica gel column 
chromatography to provide 1.7 g. of 4-[(tert-butoxycar- 
bonylXmethylsulfonyl)methylene]-l,3-dithietane-2-car. 15 
boxylic acid using a mixture of chloroform and metha- 
nol of 50:1 by volume ratio as the eluant. 


Nuclear magnetic resonance spectra (CDCh) 
6(p.p.m.): 1.32 (9H. (CHjfcCOOC-) 3.20 (3H, 
CHjSOz-V 


(a). In 1.5 ml. of methylene chloride was dissolved 0.6 
g of 4-(4-tert-butoxy-a-tert-butoxycarbonylben- 
zylideneH,3-dithiettne-2-carboxylic *cid. After adding 
thereto 0.2 ml. of pyridine and further 0.285 g. of phos- 
phorus pentachloride under ice-cooling, the mixture 
was stirred for 7 minutes. The solution was added to a 
solution prepared bv dissolving 0.5 g. of 7iJ-amino-7a- 
methoxy-3-<l-methyltetrazol-5-yl)thiomethyl-A 3 -ccph- 
cm-4-carboxylic acid benzhydryl ester in 13 ml. of 
methylene chloride, cooling to -30* C to -40* C, and 
adding thereto 0.45 ml. of pyridine, and the mixture was 
stirred for 20 minutes at the same temperature. 

The reaction mixture was mixed with 60 ml. of chlo- 
roform, washed with about 30 ml of water, about 30 ml. 
of 1-2% hydrochloric acid, and then 30 ml. of water, 
dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off under reduced pressure. The 
residue was subjected to a silica gel column chromatog- 
raphy to provide 0.4 g. of 70-[4-<4-tert-butoxy-a-tert- 
butoxycarbonylbenxylidene)- 1 ,3-dithietan-2-yl}carbox- 
amido-7a-methoxy-3-( I -methy Itetrazol-S-yinhiometh- 
yl-A*-cephem-4-carboxylic acid benzhydryl ester using 
a mixture of benzene and ethyl acetate of 11:2 by vol- 
ume ratio as the eluant. 
Nuclear magnetic resonance spectra (CDCI3) 


EXAMPLE 16 



CHx 



60 


J.60 (3H. -OCHi and — CH 2 — <* CjK 


S 



10 


15 


20 


30 

continued 
9.mn»i.HcrfCfti. 

6 02 (IH. — CHlCftM«l:» ^ 


(b). In a mixture of 10 ml. of triflooroacetic acid and 

Si. of anisole was dissolved 0.4 g. of the product 

obtained in step (a) under ice-cooling. The mixture was 

SSSfcf -bout 30 minutes a. 10* C 

distilled ofT under reduced pressure and 40 ml. or ether 

was added to the residue to form precipitates, which 

^recovered by filtration and washed with etherto 

provide about 0.2 g. of Wf^.rboxy^hydrojyben. 

zylidcneH.3^ithictan-2-yllcarbo*amid^ 
sil-methyltetrazol-S-yDthiomethyl-A'-cephem-^ar- 


3$ 


^NuSear'magnetic resonance spectra (D„-DMSO) 
6(p p m ). 3.42 (3Hr— OCHj). 


40 


45 


90 


I 

CHi 

S 

5.15 (2H. H orC-id ^ CM ~ l 

7.0J UH> ) \ I 

H H 


REFERENCE EXAMPLE 14 


tCHOjCOOC 5 
$5 ™ C \ / - CHCOOH 

(CH0«CO- " 


CO 


To 8.6 ml. of • 15% potassium «ert-butylaie^ terv 
butanol solution were added 2.5 g. of tert*»«tfJ*"V 
butoxyphenylacetate and 25 ml. *^™» J^Sl 
drofuPan whh stirring at room ^Perature^ Aft^ « «i 
65 ring the mixture for 2-3 minuter 0.6 ml. of 

fide was added dropwise to the mixture followed by 
«tirTg foTlO minules. Then, M ml. of • »» PJJ 
«um tert-butylate tert-butanol solution was added to the 


31 

mixture followed by stirring for 5 minutes, further 8.6 
ml. of. 13% potassium tert-butylate teri l ; but»nol so h> 
tion was added to the mixture and then 1 .22 g. or dichlo- 
roacetic acid was added dropwise to the mixture at 
about 30* C followed by stirring for 40 minutes at room 5 

tC Tfcenl'aftcr adding dkhloroacetic acid to the reaction 
mixture until the mixture became weak alkaline, the 
solvent was distilled off under reduced pressure and the 
residue was mixed with ice-water followed by washing 10 
with ether. Then. 0.5 ml. of 3 normal hydrochloric acid 
was added to the mixture and the product was extracted 
with ether. To the extract was farther added 0.5 ml. oT 
3 normal hydrochloric acid. The product was extracted 
with ether, and the procedure was further repeated. 15 
Each extract fraction obtained was detected by a silica 
gel thin layer chromatography, the fractions containing 
the product were collected and dried over anhydrous 
magnesium sulfate. Then, the solvent was distilled off 
under reduced pressure to provide 1.3 g. of ♦H^lert- 20 
butoxy-a-tert-butoxycarbonylbenzilidene)-!.3-dithie- 
tane-2<arboxylic acid. _. JCO , 
Nuclear magnetic resonance spectra (Dt-UMSU) 


25 

**** ' W < W > . 

14* <9H> / 

S 

4 85 <IH.«C^ ^ CH ~ *" 30 
S 

H H 


7.15 <2lW \ / 

H H 

EXAMPLE 17 


HOOC \ A ^ * 


35 


40 


C«C CHCONH— 4 f ^ N " 

ry v o j] J.c.sa^ 

Xaar/ COOH CH, 


(a) In 15 ml. of methylene chloride was dissolved 0.5 
a of 4Ka-tert-butoxycarbonylbenzylidene)-l,3-dithie- 
tane-2<arboxylic acid. After adding thereto 0.2 ml. of 55 
pyridine and further 0.285 g. of phosphorus petachlo- 
ride under ice-cooting, the mixture was stirred for about 
20 minutes. Then, by treating the reaction mixture as in 
Example 16<a) using, however, a mixture of benzene 
and ethyl acetate of 9:2 by volume ratio as the eluant for 60 
silica gel column chromatography, about 0.4 g. of 7fl- 
IMa^ert4>utoxycarbonylbenzylidene)-l f 3-dithietane-2- 
yllcarboxamido-7a-methoxy-3-<l-methynetrazol-5- 
yl>thk>inethyl.A J <ephem-4^rboxylic acid benzhydryl 

ester was obtained. / ^ rx _ . 65 

Nuclear magnetic resonance spectra (CDCIj) 
Kp.p.m.): 146 <9H, tert-butyl), 3.58 (5H, OCH 3 and 

—CHj-ofCz). 
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.vim nil. > 
I 

CHx 


4 *5 OH ^ 


10 

5.08'(1H. HofC 6 ), 
6.93 (1H. — CHCCoHsh). 
abc ;rt 7.34 ( 1 5H, CbHs— and (C^HjfcCH— ). 
(b). By treating 0.4 g. of the product obtained in 

15 above step (a) as in Example 16-(b), about 0.2 g. of 
70-[4-<a<arboxybenzy1idene>- 1 ,3-dithietane-2-y!Jcar- 
boxamido-7a-methoxy-3Kl-methyItetrazol-5-yl>thi- 
omethyl-A'-cephem-4-carboxylic acid was obtained. 
Nuclear magnetic resonance spectra (Du-DMSO) 

20 6(p.p.m ): 3.41 (3Hr— OCHjk 


25 


90 


.V92 OH. K 
I 

CHi 

$I6<IH> \ ^ r ^ / \ 

I HoTC*and «=< CH— 
S.I<MIH>/ N/ 


REFERENCE EXAMPLE 15 


iCH.ihCoor: 

15 C«C CHCOOH 

<y v 

40 To 15.6 g. of a 15% potassium tert-butylate tert- 


butanol solution were added 4 g. of tert-butyl phenylac- 
etate and then 1.6 g. of carbon disulfide with stirring at 
room temperature. After stirring the mixture for 15 
minutes, 20 ml. of anhydrous tetrahydrofuran and then 
31.2 g. of a 15% potassium tert-butylate tert-butanol 

55 solution were added to the mixture and then 2.7 g. of 
dichloroacetic acid was added dropwise to the mixture 
at 30*-40* C. followed by stirring for 30 minutes at the 
same temperature to finish the reaction. 
Then, after adding dichloroacetic acid to the reaction 

60 mixture until the mixture became weakly alkaline, the 
solvent was distilled off under reduced pressure and the 
residue was mixed with Ice-water followed by washing 
with ether. Then, 0.5 ml. of 3 normal hydrochloric acid 
was added to the mixture and the product was extracted 

65 with ether. To the extract was further added 0.5 ml. of 
3 normal hydrochloric acid. The product was extracted 
with ether, and the procedure was further repeated. 
Each extract fraction obtained was detected by a silica 
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gel thin layer chromatography, the fraction ™J»™* 
fhe objective material were coated jtnddncd over 
anhydrous magnesium sulfate. Then, the »'v«tw«» 
distilled off under reduced pressure 'o ^ 'toj ' 
g. of 4Katert-butoxycarbonylbenzylidene)-l,3-ditliie- 

lane-2<arboxylic acid. nM«n\ 
Nuclear magnetic resonance spectra (Dt-DMMJ) 
5(p.p m ): 140 (9H. (CHjbCOOC-). 


S.I7 0H.»C^ \h- » 
ahoul7JO<3H. H-/ V" >• 


10 


15 


H M 20 


EXAMPLE 18 


MOOC^ OCH* 


C-C' CHCONH-J f > 

<H,o 2 Ncr/ \ Q J- N ^J-CH:! 


N 

COOH CMj 


(a). In 15 ml. of methylene chloride was dissolved 500 
mg of 4Ktert.buto*ycarbonyl-N.N^imethylcar. 3$ 
bamoylmethyleneM.3-dithietane-2<arbo»ylic acid. 
After adding thereto 0.19 ml. of pyridine and further 
163 mg. of phosphorus pentachloride under ice-cooling, 
the mixture was stirred for about 5 minutes Jhe .ofr- 
tion was added to a solution prepared by dissolving 500 40 
mg of 7^-a.-nino-7a-methoxy-3-<l-methyltetraiol-5- 
yl)thiomethyl-A'<ephem-4<arboxylic acid in 15 ml. oT 
methylene chloride and then adding 0.3 ml. of pyridine 
to the solution while cooling the solution to -30 C.. 
and the mixture was stirred for about 30 minutes at the 45 

same temperature. . , . „, 

To the reaction mixture was added about 60 ml. or 
chloroform. The mixture was washed with about 30 ml 
of water, about 30 ml. of 1-2% hydrocMortc 
Sien three times each time with about 30 ml. ofwafcr. 50 
and dried over anhydrous magnesium sulfate. The sol- 
vent was distilled off under reduced pressure and the 
residue formed was subjected to a silica gel c^umn 
chromatography to provide 200 mg. of 70-J(4-tert. 
butoxycarbonyl-N.N-dimethylcarbamoylmethyleneV 55 
1.3^ithietane-2-yl<»rboxamido]-7aHr«thoxy-3<l- 
methyltetrazol-5-yl)thtomethyl-A J <ephem4-carboxy. 
lie acid benzhydryl ester using a mixture of benzene and 
ethyl acetate of 3:2 by volume ratio as the e>««»- 

Nuclear magnetic resonance spectra (CDCb) 60 
*p.p.m.): 148 <9H, tcrt-C 4 H,-). 2^6 (6 Hm 
(CHjhNCO-) 3.60 (5H. CHjO and -CHj- of G& 


J.M liH. CHj— 


65 


34 

•continued 
s 

4.4.1 (III. -C CHCO- 

s 


5.06 (1H. HofC*). 

6.90 (1H. -CH(C*H5)2)- m . .. . 

,o (b). In a mixture of 10 ml. of trifluoroacetic aad and 
2 ml of anisole was dissolved the product obtained in 
above step (a) under ice-cooling. And the mixture was 
S^d forabout 30 minutes at 15* C. The solvent was 
distilled off under reduced pressure. 30 ml. of ether was 

i< added to the residue, and the precipitates formed were 
recovered by filtration and washed with ether to pro- 
JSe 100 mg. of 7^.[(4 < .rboxy ; N.N ; d,methylc.r. 
bamoylmethylcne)-l.3-dithietane-^yl<arboxamldo]. 
7a-methoxy-3-(l-methyltetrazole-5.yl)thioniethyl-A- 

20 cephem-4-carboxylic acid. nMSOl 
Nuclear magnetic resonance spectra (^DMSO) 
6(p.pm): 2.87 (6H. <CH>hNCO->. 3.43 (3H. 
CHjO-). 


35 


40 


>— T 

VWOH.CHj— N J 

s 

> ' 6,,H, ^H.*C..nd«/\:H- 
45 5.2»«IH)V \S 


SO 


REFERENCE EXAMPLE 16 


(CHOiCOOC 

CH, /"\ / CHCOOH 

NOC S 

35 at/ 

By treating tert-butyl dimethylcarbamoytecetate asm 

Reference example 15. H^ b ^ c ^^^ 
thylcarbamoyl)methylenel-1.3-dithieUne-2-carboxylic 

60 acid was obtained. , rnrlll 
Nuclear magnetic resonance spectra icuui.il 
6(p.p.m.): 150 (9H. (CHj)jCOOC-). 


65 CH, 

J 02 (6H. N— * 

/ 

CH, 


35 

-continued 
s 

4.97 OH. —C^ ^CH— » 
S 


EXAMPLE 19 


hooc s och. s 

\-/ ^CHCONH-p-f ^ » i 

choc' V o J- n ^-ch : s-^ X* 

COOH CH. 

(a) In 15 ml. of methylene chloride was dissolved 
o 87 a of 4-[(acetylXtert-butoxycarbonyl)methyleneJ- 
TwUhietan^rLxylk: acid. After adding thereto » 
0^4 gof pyndine and further 0.624 g. of phosphorus 
Chloride under leering, the mixture m* 
Jurred for 30 minutes. The solution was «W*>»° ■ 

soluSn prepared by dissolving 0.6 g. of Ifi™**** 2 , 
mcZ"y-3^n»ethyltetrazol.5.ylHhiomethyl^'<eph. 

e^boxyhc Jid benzhydryl ester ,n 20 ml. of 
methylene chloride, cooling the solution to . -30 C. 
,nd adding thereto I ml. of pyndine. and the mixture 
was stirred Tor one hour at the same temperature. To 
v££3L mixture were added 10 ml of water 1ml. 30 
of 1 normal hydrochloric acid, and 30 ml. of chlorc- 
form^he chloroform layer formed was recovered. 
wThed thoroughly with 1 \W™"°*?*" 9i ™ 
nate pyridine completely, then with water, dried I over 
anhydrous sodium sulfate, and the solvent wm* KtiUed 
off under reduced pressure. The residue formed was 

prS 0.55 g. of 7^.{WtylX«ert-bu«oxycarbon y l)- 
methvleneM.3-dithietan-2-yl}carboxamido-7a. 
mTttox ^Hl-methyHetrazol-5.yl)thiomethyl.A'-ceph ; 40 
^^arboxylic ackl benzhydryl ester using a mixture 
5£S2^«*yl acetate* of 10:2 by volume ratio as 

the cluant. , rnn .v 

Nuclear magnetic resonance spec ira (CDO, 45 
Kp.p.m): 153 (9H. tert-butyl), 2.45 <3H. CHjOC-). 

3 56 (SHr-OCH j and -CHj- of OX 


3.12 OH. * 
I 

4.37 <1H. — CHjS-ofCU 


4.^4 OH. 


<>- 


so 


S3 


S.09(lH.HofCt). 

6.94 (1H. -CB(C*Hsh>. . v ' ^ 
7.20-7.50 (I0H, -CH(C*Hj>2). . . *° 

<b). In a mixture of 12 ml. of irifluoroacrtw •adand 
3 ml of anisole was dissolved 0.55 g. of the product 
obumed in aforesaid step (a) » - 5' C The mut«rc w„ 
Uirred for 20 minutes at 15* C The solvent was dueled 
Sunder reduced pressure 20 ml. o<<^™^° 65 
the residue, <md U* precipitates formed ^"^J"*} 
By filtration and washed with ether to proyxle 0.33 g. of 
7/}.{4-l(acttyIXcarboxy)methylene]-l ,3-dithietaiM- 


36 

y!}c.rboiuimido-7«-metho*y-3-<1.methylietr««>l-$- 
yl)thiomethyl-A'<e P hem^.rboxy .c .ad. 
Nuclear magnetic resonance spectra ^DMSOJ 
6{ P p m ): 2.38 (3H. CH,OC->. 3.43 (3Ht--OCH0. 

S 


J«tJH. N i. 

4.MI2H. -CH;S-«fCil. 


40 ing, 


5 IM1H>\ _/ \ 

1 H«rfChiiKl «< .CH- 

5.V)(IH>J 

REFERENCE EXAMPLE 17 

iCH.hCOoc s 

C«C CHCOOH 
CHjOC S 

To 150 ml. of tert-butanol was added 4.8 g. of sodium 
hydride (50% in oil). Then 15.8 g. ^ « enbu ^ e "£- 
etate was added gradually lo the mixture. Tlien, .after 
adding thereto 7.6 g. of carbon disulfide under ice-cool- 
ing, the mixture was stirred for 18 hours an roomtenv 
perature. Thereafter. 4.8 g. of sodium M^ e J»*™ 
oil) was added gradually under ice-cooling and alter 
stirring the mixture for 2 hours at room 
16.7 g of potassium dichloroacetate was added to the 
45 mixture followed by stirring for further 2 hours. T*e 
Action mixture obtained was concentrated under * 
duced pressure. The residue was mixed with 300 m or 
ethyl acetate and 200 ml. of ice-water, and the mixture 
was adjusted to pH 3-» with 1 normal hydrochlonc 
50 add X organic layer formed was washed 1 with , » 
aqueous sodiJm chloride solution, and extracted with. 
SJSed aqueous sodium hydrogencarbonate solutKm. 
The sodium hydrogencarbonate «t^t w« washed 
with 50 ml. of ethyl acetate, adjusted to pH Mw " ■* 
55 normal hydrochloric acid, and existed with 200 rnlof 
ethyl relate. The ethyl acetate extract was washed 
with an aqueous sodium chloride solution, dried over 
anhydrous sodium sulfate, and then corKentraiedThe 
residue was washed with 50 ml. of a mixtu e of petro- 
60 leum ether and ether of 10:1 by volume ratw and dis- 
solved in 5 ml. of ether. Then. 50 ml. of P«rolc u m ether 
was added gradually to the solution and the crystals 
tta precipitated were recovered by rUtrati^nto pro- 
vide 10 g. of 4-l(acetylXtert-butoxyc«bony,mie- 
65 thy1ene]-1.3-dithietane-2-carboxylic acid. 

Nuclear magnetic resoruincespectra (C UUMI 
«p.pm ): 153 (9H. (CHOiCOOC-). 2.49 (3H. 
CHjOC-). 
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(a). In 20 ml. of methylene chloride was dissolved I.I 
g. of 4-[(tert-butoxycarbonylX5-methyIthio-l,3 % 4- ^ 
thiadiazol-2-y l)methy lene]- 1 ,3-<Jithietane-2-carboxylic 
acid. After adding thereto 0.462 g. of pyridine and fur- 
ther 0.606 g. of phosphorus pentachloride inder ice- 
cooling, the mixture was stirred for 30 minutes. The 
solution was added to a solution prepared by Dissolving 2$ 
0.9 g. of 7/3*amino-7a-methoxy-3-(l-methylfetra2ol-5- 
yl)thiomethyl-A 3 -cephem-4-carboxylic acid bfcnzhydryl 
ester in 30 mi. of methylene chloride, cooling the solu- 
tion to -30* C, and adding 0.75 ml. of pyridine to the 
solution, and the mixture was stirred for one hour at ^ 
room temperature. The reaction mixture was mixed 
with 10 ml. of water and 40 ml. of chloroform. Then, 
the chloroform layer formed was washed thoroughly 
with \% hydrochloric acid to eliminate pyridine com- 
pletely, then with water, dried over anhydrous sodium J5 
sulfate, and then the solvent was distilled off under 
reduced pressure. The residue was subjected to a silica 
gel column chromatography to provide 0.2 g. of 7^-{4- 
[(tert-butoxycarbonylK5-methylthio-l t 3,4-thiadia2ol-2- 
yl)methy lene]- 1 , 3-dithietan-2-y l}carboxamido-7a- ^ 
methoxy-3-< 1 -meth yltetrazol-5-yl)thiomethyl-A '-ceph- 
em-4-carboxylic acid benzhydryl ester using a mixture 
of benzene and ethyl acetate of 10:2 by volume ratio as 
the eluant. 

Nuclear magnetic resonance spectra (CDCI)) 4J 
6(p.p.m >: 1.58 <9H, tert-butyl), 2.72 (3H, CHjS— ), 3.58 
(3Hr— OCHj), 


3.S0 OH. N k 

CHx 

4.36 <2H — CH;S— ofCU 

503<1H>\ y S \ 

I H of C 6 and CH 
5.09 <IH| J \/ 

690(lH,-CH(C6H3h>. 

7.10-7.50 (10H, -CH(dlt)i). 

(b). In a mixture of 8 ml. of trifluoroacetic acid and 2 60 
ml. of anisole was dissolved 0.2 g. of the product ob- 
tained in above step (a) at - V C. followed by stirring 
for one hour at 17*-18 9 C. The solvent was distilled off 
under reduced pressure, 20 ml. of ether was added to 
the residue, and the precipitate* formed were recovered 65 
by filtration and washed with ether to provide 0.05 g. of 
7^-{4-[(carboxyX5-methylthio- 1 ,3,4-thiadiazol-2- 
yl)rr^hylene]-l t 3-dithietan-2-yl}-carboxamido-7a* 


50 


55 
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mcihoxy-S-d-methyhetrazol-S-yDthiomcthyl-A^cph- 

em-4-carboxylic acid. 

Nuclear magnetic resonance spectra (D fc -DMSO) 
6<p.p.m): 2.75 (3H, CH*S-). 3 45 (3H7--OCH*). 


20 


25 


30 


3.44 OH. N I 

I 


4 JK> <2H. — CH : S— of Ci I. 

5l«<iH>\ /\ 

1 H tif C* and CH— 
5.3SUH) f \' 


REFERENCE EXAMPLE 18 


tCHOiCOOC S 

w C«C t HCOOH 

x V 5 

J5 CH>S S 

In 100 ml. of tert-butanol was dissolved 1.58 g. of 
metallic potassium. After adding thereto 10 g. of tertbu- 
tyl 5-methylthio-l,3,4-thiadiazole-2-acetate. the mixture 

40 was stirred for 20 minutes. Thereafter, 3.25 g. of carbon 
disulfide was added drop wise to the mixture over a 
period of 10 minutes. After stirring the mixture for one 
hour, 4.55 g. of potassium tert-butyrate was added grad- 
ually to the mixture followed by stirring for 20 minutes 

45 and then 6.83 g. of potassium dichloroacetate was added 
to the mixture followed by stirring for 18 hours. The 
reaction mixture was concentrated under reduced pres- 
sure, and the residue was mixed with 300 ml. of ethyl 
acetate and 200 ml. of ice-water. The mixture was ad- 

50 justed to pH 3-4 with 1 normal hydrochloric acid, and 
the organic layer formed was washed with an aqueous 
sodium chloride solution, and then extracted with 1000 
ml of a saturated aqueous sodium hydrogencarbonate 
solution. The sodium hydrogencarbonate extract was 

55 washed with 100 ml. of ethyl acetate, adjusted to pH 
3-4 with 5 normal hydrochloric acid, and then ex- 
tracted with 200 ml. of ethyl acetate. The ethyl acetate 
extract was washed with an aqueous sodium chloride 
solution, dried over anhydrous sodium sulfate, and con- 

60 centrated. The residue was subjected to a silica gel 
column chromatography to provide I g. of 4-[(tert- 
butoxycarbonylX5-methylthio-l,3,4-thiadiazol-2-yl)me- 
thylene]-l,3-dithietane-2-carboxylic acid using chloro- 
form and then a mixture of chloroform and methanol of 

65 50:1 by volume ratio as the eluant. 

Nuclear magnetic resonance spectra (CDCI.0 
5<p.p.m.): 1.59 (9H, (CHi)jCOOC-* 2 79 <3H, 
CH>S-X 
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s 


4<W<IH.«C 


CH 


5 


S 


EXAMPLE 21 


HOOC^ 

i 

I 

NH:SOj 


$ 

/V 

: < 
\/ 
s 


CHCONH 



(a) . In 12 ml. of anhydrous tctrahydrofuran were 
dissolved 0.2 g. of 4-[(benzhydryloxycarbonylX»ul- 
famoyl)methyIene]- 1 ,3-dithietane-2-carboxylic acid, 
0.25 g. of 70-amino-7a-methoxy-3-(l-methyletrazol-5- 
ylHhiomethyl-A^ephem-4-carboxylic acid benzhydryl w 
ester, and 0.1 g. of N.N'-dicyclohexylcarbodiimide. 

Then the solution was stirred overnight at room tem- 
perature. Irsoluble materials were filtered ofT and the 
solvent was distilled off from the filtrate under reduced 
pressure. The residue was subjected to a silica gel col- ^ 
umn chromatography to provide 0.095 g. of 7^-{4- 
[(benzhydryk>xycarbonylXsulfamoyl)methylenel-1.3- 
dithietan-2-yl}carboxamido-7a-methoxy-3-<l-methyI- 
tetrazol-5-ylXhiomethyl-A 3 <ephem-4-carboxylic acid 
benzhydryl ester using a mixture of chloroform and J5 
ssopropanol ot 9:1 by volume ratio as the eluant. 

(b) . In 10 ml. of methylene chloride was dissolved 
0.095 g. of the product obtained in step (a). After adding 
thereto 0.5 ml. of anisole, the mixture was cooled to 
-20* C. Thereafter, 2 ml. of trifiuoroacetic acid was m 
added dropwise to the mixture at -20* C. to - 15* C. 
and after mitring the mixture for 30 minutes at the same 
temperature, the resultant mixture was further stirred 
for one hour at 0'-3* C. The solvent was distilled off 
from the reaction mixture under reduced pressure and 4J 
15 ml. of ether was added to the residue followed by 
stirring for 30 minutes. Then, the reaction mixture was 
filtered under reduced pressure and the precipitates 
formed were washed well and dried under reduced 
pressure to provide 0.034 g. of 70-{4.[(carboxyXsul- ^ 
famoyl)methylenel-l,3-dithietan-2-yl>carboxamido-7a- 
methoxy-SKl-roeihyltetrazol^-ylJthiomethyl-A'^h- 
em-4-carboxylic acid. 


Nuclear magnetic resonance spectra (D^-DMSO) 
*(p.pm): 3.42 (3Hr— OCH& 


3* OH, 


CH* 


4.30 (2H. -CHi-ofCjX 



65 


9.66 (lit -NHCO-). 


40 

REFERENCE EXAMPLE 19 


NH:SO \ A 

C»C CHCOUH 
CHCKK* S 


25 


30 


35 To 1.12 g. of benzhydryl sulfamoylacctatc w*re 
added 30 ml. of anhydrous tctrahydrofuran and 20 mt. 
of tert-butanol. 

After cooling the mixture to -20* C. 0.177 g. of 
sodium hydride (50% in oil) was added to the mixture 

40 followed by stirring for 15 minutes. To the mixture was 
added 0.3 g. of carbon disulfide. The mixture was 
stirred for 30 minutes at - 10 # C. to - 5* C Then, to the 
mixture were added 0.354 g. of sodium hydride (50% in 
oil) and 1.05 g. of diiodoacetic acid. After stirring the 

45 mixture for 20 minutes at - 10* C. to 0* C t the mixture 
was stirred overnight at room temperature. The solvent 
was distilled ofT from the reaction mixture under re- 
duced pressure and after adjusting the residue to pH 2 
by adding thereto ice-water and 5% hydrochloric acid, 

50 the reaction mixture was extracted with ethyl acetate. 
The extract was washed twice each time with a satu- 
rated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then the solvent was 
distilled under reduced pressure. The residue was sub- 

55 jected to a silica gel column chromatography to provide 
0.2 g. of 4-l(benrhydryloxycarbonyIXsulfamoyl)me- 
thylene]-l,3-dithictane-2<arboxylic acid using a mix- 
ture of chloroform and methanol of 10:1 by volume 
ratio as the eluant. 

60 Nuclear magnetic resonance spectra (CDCIj) 


65 


S 

✓ \ 

*(p.|».m):4.ft6<IH. ^CH— k 

S 


6.96 (1H, (C6H 5 hCH-> 
7.33 (10H, (Ga&fcCH-) 
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EXAMPLE 22 


hooc s ncH, $ 5 
C-C CHCONH-j f > N _ 

N COOH ^h, 

10 

(a). In 40 ml. of methylene chloride was dissolved 800 
mg. of 4-l(tert-butoxycarbonylX3-pyridyl)methylenel- 
U-dithietane-2-carboxylic add. After adding thereto 
0.3 ml. of pyridine and further 440 mg. of phosphorus )5 
pentachloride under ice-cooling, the mixture was 
stirred for about 15 minutes. The solution was added to 
a solution prepared by dissolving 0.8 g. of 7i3-amino-7a- 
methoxy-3-<l-tnelhyhetraiol-5-yl)thiomethyI-A J -ceph- 
cm-4-carboxylic acid in 25 ml. of methylene chloride 20 
and adding thereto 0.7 ml. of pyridine at -30* C, and 
the resultant mixture was stirred for 20 minutes at the 
same temperature. Then, 200 ml. of chloroform was 
added to the reaction mixture and the mixture was 2J 
washed twice each time with 150 ml. of an aqueous 
1.3* acetic acid solution and then twice each time with 
100 ml. of water, and then dried over anhydrous magne- 
sium sulfate. The solvent was distilled off under re- 
duced pressure and the residue formed was subjected to 30 
a silica gel column chromatography to provide about 
400 mg. of 7^-{4-l(tert-butoxycarbonylX3-pyridyl)me- 
thylene]-l,3-dithietan*2-yl}carboxamido-7a-methoxy- 
3-(l-methyltetrazoI-5-yl)thiomethyl-A 3 -cephem^car- 
boxylic acid using a mixture of benzene and ethyl ace- 35 
tate of 2:1 by volume ratio as the eluant. 

Nuclear magnetic resonance spectra (CD Cb) 
6(p.p.m ): 1.47 (9H, t-C4H*-), 3.59 (5H. CH3O- and 
— CH 2 -ofC 2 ), 40 


a.s> 


\ 

OH. N— CHj I 


a 



OK 


45 


4.91 S ^ 

<IH. CH-*. 
S 

SOS (IH.HoTC*). 50 

*9J <IH.-CH(CtH5fck 
8.50 


OH I It 

N H 55 


60 


(b). In a mixture of 15 ml. of trifluoroacetic acid and 
3 ml. of anisole was dissolved 400 mg. of the compound 
obtained in above step (a) under ice cooling followed by 
stirring for 40 minutes at 1CT-15* C. The solvent was 63 
distilled off under reduced pressure and about 50 ml. of 
ether was added to the residue to form precipitates, 
which were recovered by filtration, and washed with 


42 

ether. The precipitates were subjected to a silica gel 
column chromatography to provide about 100 mg. of 
70-{[4-<carboxy X3-py ridyl)methylene]- 1 ,3-dithietan-2- 

5 yl}carboxamido-7a-methoxy-3-<l-methyltetra2ol.5- 
yI)thiomethyl-AVephem-4^arboxylic acid using a 
mixture of chloroform, methanol, and formic acid of 
50:7:1 by volume ratio as the eluant. 

jo Nuclear magnetic resonance spectra (D 6 -DMSO) 

Wppm> «Nhii3 4I OH.CHiO— ft. 

IS 

1I5CIH»\ 
5 24<IH>/ 


/ 

y*y OH. CH iN^ it 


HofCfcand — CH— ft. 
20 \ / 


25 


10 


7..VM1H. 


7 67 OH. 


8.44 (2H. 

35 ^ N H 


< 
"rr ■ 

N 

H 

Or- 

irx- 
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REFERENCE EXAMPLE 20 


C«C CHCOOH 


or v 


By treating tert-butyl 3-pyridylacetate as in Refer- 
ence example 15, 4.[(tert-butoxycarbonylX3-pyridylV 
50 methylene]- l,3-dithietane-2<arboxylic acid was ob- 
tained. 

Nuclear magnetic resonance spectra (Dt-DMSO) 


55 fcp p m ): 1.42 <9H. <CHj>jCOOC— ft. 

S 

5 22<IH. — ^CH-ft. 

S 

60 7 40<IHft\ H 
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EXAMPLE 23 

o 

HKT-f • OCH, s 

C«C CHCONH 1 *N N N 

H:NOC S J_ N J< ^ 

COOH 

(a) In 55 ml. of anhydrous tctrahydrofuran were dis- 
solved 0.22 g. of 4-[(acetyIXcarbamoyl)methyleneJ-K3- 
dithietane-2-carboxyIic acid, 0.496 g. of 7^-amino-7a- 
inethoxy-3-{l-mcthy!tcCra2ol-5-yl)thiomcthyl-A 3 -ccph- 
em-4-carboxylic acid benzhydryl ester, and 0.194 g. of |5 
N,N'*dicyclohexylcarbodtimide. The solution was 
stirred for 2 hours at room temperature. Insoluble mate* 
rials were Altered off and the filtrate was concentrated 
under reduced pressure. The residue formed was sub- 
jected to a silica gel column chromatography to provide M 
0.35 g. of 7£-{4[(acetylXcarbamoyl)mcthylene]-U3- 
dit hietan-2-y I }carboxamido-7a -methoxy -3-< I -methy 1- 
tetrazoI-5-yl)thiomethyl-A 5 -cephem-4-carboxylic acid 
benzhydryl ester using first a mixture of chloroform and 
ethyl acetate of 1:1 by volume ratio and then a mixture 25 
of chloroform and ethyl acetate or 1:3 by volume ratio 

as the eluant. 

(b) . In a mixture of 8 ml. of trifluoroacetic acid and 2 
ml. of anisole was dissolved 0.35 g. of the product ob- 
tained in the above step (a) at —20* C. followed by ^ 
stirring for 30 minutes at 0" C. The reaction mixture 
obtained was concentrated and the residue was mixed 
with ether followed by stirring for 30 minutes. Then, 
the precipitates formed were recovered by filtration 
and washed with ether to provide 0.09 g. of 7/3-{[4- ^ 
(acetylKcarbamoyl)methylene]-l,3-dithietan*2*yl}car- 
boxamido-7a-methoxy-3H( 1 -methyl let razol-5-yl)thi- 
omethyl-A'<cphem-4-carboxy!ic acid. 

Nuclear magnetic resonance spectra (Db-DMSO) 

40 


6tpp in >: 2 92 OH. 

3 42 OH. 


.V«U OH. 


4.XH2K. 

3.17 <IH> 
5.26 OH) 



\J H of C* and / CH ~ 


45 


50 


55 

REFERENCE EXAMPLE 21 


HiOOC s 

\ / \ 

C—C CHCOOH _ 
/ \ / « 
H2NOC s 

(a). In SO ml. of tert-butanol was dissolved 5.76 g. of 
potassium tert-butylate and 50 ml. of anhydrous tctra- 
hydrofuran was added to the solution. Then, after dis- 65 
solving therein 2.6 g. of acetoacetamide, a solution pre- 
pared by dissolving 1 .96 g. of carbon disulfide in 5 ml. of 
anhydrous tetrahydrofuran was added drop wise to the 


44 


15 


solution under ice-cooling. To the reaction mixture 
obtained was added 100 ml. of anhydrous tetrahydrofu- 
ran followed by stirring for 1.5 hours at room tempera- 
20 ture. Then a suspension prepared by reacting 8 g. of 
diiodoacetic acid and 123 g. of sodium hydride (50% in 
oil) in 100 ml. of anhydrous tetrahydrofuran under ice- 
cooling was added to the mixture followed by stirring 
for 2.5 hours at room temperature. 
25 The reaction mixture obtained wa> concentrated and 
the residue was mixed with 50 ml. of 1 normal hydro- 
chloric acid and extracted with 100 ml. of ethyl acetate. 
The extract was washed with 50 ml. of an aqueous 
sodium chloride solution and the organic layer formed 
30 was extracted with 100 ml. of a saturated aqueous so- 
dium hydrogencarbonatc solution. The extract was 
adjusted to pH 2-3 with concentrated hydrochloric 
acid and then extracted with 100 ml. of ethyl acetate. 
The extract was washed with 50 ml. of an aqueous 
35 sodium chloride solution, dried over anhydrous magne- 
sium sulfate, and concentrated. 

The residue formed was dissolved in 30 ml. of methy- 
lene chloride and after adding thereto 5 g. of diphenyl- 
diazomethane under ice-cooling, the mixture was 
40 stirred for 2 hours at room temperature. The reaction 
mixture was concentrated and the residue formed was 
subjected to a silica gel column chromatography lo 
provide 0.6 g. of 4-[(acetylXcarbamoyl)methylene]-1.3- 
dithietane-2-carboxylic acid benzhydryl ester using first 
45 chloroform and then a mixture or chloroform and meth- , 
anol of 10:2 by volume ratio as the eluant. 

Nuclear magnetic resonance spectra (CDCLj) 
6(p.p.m ): 2.32 (3H ( H3COC-), 


55 6.97 (1H. -COOCH(C6H 5 >2>. 7.2-7.4 <I0H. 
-COOCHtCoH^):). . ^ _ 

(b). In a mixture of 8 ml. of trifluoroacetic actd and 2 
ml. of anisole was dissolved 0.6 g. of the product ob- 
tained in the step (a) at -20* C and the temperatureoT 

60 the reaction mixture was raised to 10* C over a period 
of 20 minutes. Then, the reaction mixture was concen- 
trated and 10 ml. of a mixture of ether and petroleum 
ether of 1:1 by volume ratio was added to the residue to 
form precipitates, which were recovered by filtration to 

65 provide 0.2 g. of 4-[(acxtylKcarbainoyl)methyIencl-1.3- 
diethietane-2-carboxylic acid. 

Nuclear magnetic resonance spectra (De-DM5U) 
«<p.p.m): 2.31 (3H. HjCOC— \ 


50 



45 


5.201 1 H. «^ cii— > 


EXAMPLE 24 



(a) In IS ml. of tetrahydrofuran was dissolved 610 mg. 
of 4-( I -tert-butoxycabonylpropylidene)-l ,3-diethietane* 
2-carboxylic acid after adding thereto 1.05 g. of 7/J- 20 
amino-7a-methoxy-3(I-methy1tetra2oI-5-yI)thiomethy|. 
A 3 -cephem-4-carbc7.yHc acid benzhydryl ester and 0.5 
g. of N.N'-dicycIohexylcarbodiimkJc, the mixture was 
stirred for 2 hours at room temperature to cause reac- 
tion. After the reaction was over, the N,N'-dicy- 25 
clohexyl product was filtered ofT and the solvent was 
distilled off from the filtrate under reduced pressure to 
form a caramel-like residue. The residue thus formed 
was dissolved in 50 ml of ethyl acetate and the solution 
was washed with 30 ml. of I normal hydrochloric acid 30 
and then water and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced 
pressure to provide 450 mg. of a brown caramel-like 
residue. The residue was applied to a silica gel column 
chromatography using 30 g. of silica gel and the prod- 35 
uct was eluted using first benzene, a mixture of benzene 
and ethyl acetate of 95:5 by volume ratio, and then a 
mixture of benzene and ethyl acetate of 90:10 by volume 
ratio as the eluant, and the fractions containing the 
product were collected to provide about 10 mg. of 40 
7/3 -[4-( 1 .tert-butoxycarboxypropylidene V 1 ,3-dithietan- 
2-yl]-caboxamido-7a-methoxy-3(l-methyltetrazol-5- 
yl)thk>methyl-A 3 <ephem-4-carboxylic acid benzhydryl 
ester. 

Nuclear magnetic resonance spectra (CDCI.0 45 
S(p.p.m): 1.62 (3H. CHj. t), 2.08 <9H, (CHjfcG— X 

2.66 <2H, -CH 2 -. q >• 4.22 (3H. -OCH* s ). 4.44 (3H, 

>N-CH*»). 


S.40MdS47(Horc*ind 

' S 


< / CH -' 


50 


7.54 <1H, -Cd(CbH 5 )2 ), 7.8-8.2 (10H, -CH(C*H<h). 55 
8.30 (1H, — NH-COD— ). 

(b) In 1.1 ml. of anisolc was dissolved 200 mg. of the 
caramel-like product obtained in the above step and the 
solution was cooled to about S* C. in an ice-water bath. 
To the solution was added dropwise 3.3 ml. of trifluoro- 40 
acetic acid at a temperature below 10* C. and thereafter 
the mixture was stirred for one hour at 5'-10* C to 
cause reaction. Then, antsole and excessive trifluoroace- 
lic acid were distilled off under reduced pressure at a 
temperature below room temperature and the residue 65 
was mixed with 10 ml. of water and extracted with a 
mixture of n-butanol and ethyl acetate of 1 : 1 by volume 
ratio. The organic layer was collected, washed with a 
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saturated aqueous sodium chloride solution, dried over 
anhydrous magnesium sulfate, and then the solvent was 
distilled ofT under reduced pressure. The residue was 
triturated with 10 ml. of ether to provide 54 mg. of 
5 7/J-[4-( 1 -carboxypropy lideneV 1 ,3-dithietan-2-y l]car- 
boxamido-7a-methoxy-3Kl-methyltetrazol-5-yl)thi- 
omethyl-A'-cephem^arboxylic acid. 
Nuclear magnetic resonance spectra (Do-DMSO) 


oXp.pm): 0.% (3H. — CH t), 2.00 <2H, — CH 2 -. q), 
3.41 (3H, -O-CH* s), 3.92 <3H, >N-CH.u %). 

20 

9 lOand5.l6<HorCf,»nd CH— K 

S 

25 9.60 (1H, — NHCO— ). 

REFERENCE EXAMPLE 22 


30 


CH<H \ A 

C»C C HC<X>H 
✓ \ / 

<CHO«COOC S 


A mixture of 120 ml. of dimethoxyethane and 30 ml. 

35 of tetrahydrofuran was cooled to -74* C. in a dry 
ice-acetone bath and then 4.0 ml. of N-tsopropylcy- 
clohexylamine and then 13.72 ml. of a 15% n-butyl 
lithium n-hexane solution were added to the mixture, 
whereby the temperature was raised from —73' C. to 

40 - 62* C. After adding 3.17 g. of ten-butyl butylate and 
causing reaction for 30 minutes at -74* C. to — 75 # C, 
0.664 ml. of carbon disulfide was added drop wise to the 
mixture over a period of 10 minutes followed by reac- 
tion for 20 minutes at the temperature. Then, 6.86 ml. of 

45 a 15% n-butyl lithium n-hexane solution was added 
dropwise to the reaction mixture at a temperature 
below -72* C. over a period of 10 minutes and then 
they were caused to react for 30 minutes. Then, 0.332 
ml. of carbon disulfide was added to the reaction mix- 

50 ture over a period of 10 minutes and the reaction was 
performed for 20 minutes. Furthermore, 3.42 ml of a 
15% n-butyl lithium n-hexane solution was added drop- 
wise to the reaction mixture at a temperature below 
-72* C. over a period of 13 minutes and then the reac- 

55 tion was further performed for 20 minutes at - 74* C. to 
-73' C. Moreover, 0.166 ml. of carbon disulfide was 
added to the reaction mixture at about -74* C. over a 
period of 6 minutes and the reaction was performed for 
about 25 minutes. Thereafter, sodium diiodoacetate 

60 prepared by reacting 0.84 g. of 50% sodium hydride and 
5.46 g. of ditodoacetic acid in 25 ml. of dimethoxyeth- 
ane was added to the reaction mixture followed by 
reaction for 30 minutes at 0*-S* C. and then the reaction 
was further continued overnight at room temperature. 

65 The solvent was distilled off under reduced pressure 
from the reaction mixture and the residue was extracted 
with the addition of 50 ml. of cold ether and 40 ml. of 1 
normal hydrochloric acid. The ether layer obtained was 
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extracted twice each time with 20 ml. of a saturated 
aqueous sodium hydrogencarbonate solution. The aque- 
ous extracts were combined and adjusted to pH 1 with 
I normal hydrochloric acid, twice with 30 ml. and 20 
ml. of ether, successively. The extracts were combined 5 
and washed with water, dried over anhydrous magne- 
sium sulfate, and then ether was distilled ofT to provide 
1.08 g. of an oily product. The oily product was applied 
to a silica gel column chromatography and the fractions 
containing the product were collected using a mixture 10 
of chloroform and methanol of 10:1 by volume ratio to 
provide 630 mg. of the brown oily 4-<l<arboxy. 
propylidene)- 1 , 3-dithiethane-2-carboxylic acid. 
Nuclear magnetic resonance spectra (CDCh) 
6(p p.m ): 124 <3H, -CHju t), 147 (9H, <CH 3 >3C-, 13 
s). 2.0! (2H. -CH 2 -, q), 

4H7 0H. ^ ^,CH— .*>. 20 


EXAMPLE 25 


HOOCCH: A och< s 


C«C CHCONH 1 f ^ N 

H00C/ J- H vjAcH^ N " 

COOH CHi 

(a) In 10 ml. of tetrahydrofuran was dissolved 350 
mg. of 4-[l,2-bis(tert-buloxycarbonyl)ethylidene]-K3. 
dithiethane-2-carboxylic acid. After adding thereto 0.5 35 
g. of 7£-amino-7a-methoxy-3-( 1 •methyltetrazol-5- 
yI)thiomethyl-A 3 -cephem-4-carboxylic acid benzhydryl 
ester and 219 mg. of N.N'-dicyclohexylcarbodiimide, 
they were made to react for 2 hours at room tempera- 
ture. After filtering off the N,N'-dicyclohexy1urea thus 40 
deposited, the solvent was distilled ofTfrom the nitrate, 
the residue was applied to a silica gel column chroma- 
tography and the fractions containing the product were 
collected using first benzene and then a mixture of ben- 
zene and ethyl acetate of 9:1 by volume ratio as the 45 
eluant to provide 120 mg. of 70-}4-[l,2-bis(tert-butox- 
ycarbonyl)ethy lidene]- 1 ,3<iithtetan.2-ylJcarboxamido- 
7a-methoxy-3-< 1 -methyltetrazol-5-y l)thiomethyl-A 5 - 
cephem-4<arboxylic acid benzhydryl ester. 

Nuclear magnetic resonance spectra (CDCh) 50 
S(p.p.m): 1.42-1.48 (18H. (CHi)jC-). 2.58 (2H. 
-CH2-X 3.59 (3H, -OCHj), 
3.80 (3H. >N-CH.0, 4.36 (2H, -CH>- of C 2 . q). 


5 

4.87 and 5.0* (H of C fc and 


< / CH -> 


55 


6.92 (ia -CH(C6H 5 hK 7.2-7.6 (10H, -CHtC^h). 60 

(b) In 1 ml. of anisole was dissolved 115 mg. or the 
product obtained in the above step (a). After cooling the 
solution to a temperature below 10* C. in an ice-water 
bath, 3 ml. of trifluoroacetic acid was added dropwise 
to the solution at a temperature below 10* C. After 65 
stirring the mixture for one hour at 5*-10* C. excess 
trifluoroacetic acid and anisole were distilled off from 
the reaction mixture under reduced pressure at room 
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temperature and the residue formed was triturated with 
5 ml. of ether to provide 73.7 mg. of 7^-1^1.2-dicar- 
boxyethylidene)-l,3-dithielan-2-yl]carboxamido-7o- 
methoxy^Kl-methyltetrazoI-S-yDthiomethyl-A^-ceph- 

em-4-carboxylic acid. • ^ WCi _ 

Nuclear magnetic resonance spectra (De»-DMSO) 
5(p.p.m ): 3.94 <3H, >N-CHO. 4.30 (2H. -CH 2 - of 


5 lbind? 20<HofC*. 

HtxxrcH: 

15 C= ovcrbprcO the DM SO peak 

/ 

_ OCH* overlapped the peak of water. 

20 


REFERENCE EXAMPLE 23 

tCHOiCOOC 

C«*C CHCOOH 

/ \ / 

cchotCooch*: s 


35 


To a mixture of 80 ml. of diethylene glycol dimethyl 
ether and 20 ml. of tetrahydrofuran was added 1.54 ml 
of diisopropylamine. The mixture was cooled to -74* 
C. with dry ice-acetone bath. Then, 6.86 ml. of a 15% 
40 n-butyl lithium n-hexane solution was added to the 
mixture followed by reaction for 10 minutes at -72* C. 
to -74" C. Furthermore, 2.3 g. oftert-butyl succinate 
was added to the reaction mixture and the reaction was 
further carried out for 30 minutes at -74 # C. Then. 
45 0.332 ml. of carbon disulfide was added dropwise to the 
reaction mixture over a period of about 15 minutes and 
then the reaction was continued for 15 minutes at -74 
C. Also. 3.43 ml. of a 15% n-butyl lithium n-hexane 
solution was added dropwise to the reaction mixture at 
50 atemperturebelow -71* Cover a period of 20 minutes 
and the reaction was carried out for 20 minutes at the 
same temperature. Thereafter, 0.166 ml. of carbon disul- 
fide was added dropwise to the reaction mixture over a 
period of 13 minutes at a temperature below -72* C 
55 and the reaction was carried out for 17 minutes at the 
temperature. Moreover, 1.715 ml. of a 15% n-butyl 
lithium n-hexane solution was added dropwise to the 
reaction mixture over a period of 10 minutes at a tem- 
perature below -7P C Finally. 0.083 ml. of carboo 
60 disulfide was added dropwise to the reaction mixture 
over a period of 10 minutes and then the reaction was 
further carried out for 20 minutes at -72* C to -74 
C. 

Separately, a suspension of sodium diiodoacetatc 
65 prepared beforehand from 432 mg. of 50% sodium hy- 
dride and 2.8 g. of diiodoacetk acid in 20 ml. of diethyl- 
ene glycol dimethyl ether dropwise to the reaction 
mixture obtained in the aforesaid reaction, whereby the 
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temperature in the system raised from -74* C to -64* 
C. Then, the temperature was allowed to raise and after 
carrying out the reaction for one hour at 0*-5* C. the 
mixture was stirred overnight at room temperature to 
cause a further reaction. TTiereafier, the solvent was 5 
distilled off at room temperature under reduced pres- 
sure to provide a brown residue. The residue was mixed 
with 50 ml of cllier and 20 ml. of a cold 10% sulfuric 
acid and extracted with ether. The ether layer formed 
was extracted twice each the time with 50 ml. of a 10 
saturated sodium hydrogencarbonate solution. The 
aqueous layer obtained was mixed with 50 ml. of 10% 
sulfuric acid and extracted with 50 ml. and 30 ml. of 
ether, successively. The ether extracts were combined 
and washed twice each time with 30 ml. of a saturated 15 
aqueous sodium chloride solution, dried over anhy- 
drous magnesium sulfate, and ether was distilled ofT to 
provide 1.83 g. of an oily product. The oily product was 
applied to a silica gel column chromatography using 70 
g. of silica gel, eluted using first chloroform and then a 20 
mixture of chloroform and methanol of 50:1 by volume 
ratio, and the fractions containing the product were 
collected to provide 700 mg. of 4-[l,2-bis(tcrt-butox- 
ycarbonyl)]- 1 f 3-dithiethane-2-carboxylic acid. 
Nuclear magnetic resonance spectra (CDCIj) 25 
6(p.p.m.) 122 (18H, 2 x (CHabC-), 2.58 (2H, 


4*1 OH. CH— ) 


Mass spectra: m/e: 362 M 4 

EXAMPLE 26 


hcxx: 

CHiNHOCC 



COOH CH» 


(a). To a solution prepared by dissolving 500 mg. of 
7/3-amino-7a-methoxy-3-(l-niethyltetrazol-5-yl)thi- 
omethyl-A^ephem-4-carboxylic acid benzhydryl ester 
in 35 ml. of tetrahydrofuran was added 500 mg. of 4- 
I(tert-butoxycarbonylHN-methylcarbamoyl)me- 
thylenel-l,3-dithiethane-2-carboxylic acid and about 
400 mg. of N,N'-dicyclohexylcarbodiimide, and the 
mixture was stirred for 3.5 hours at room temperature. 
The solvent was distilled ofT from the reaction mixture 
uner reduced pressure and the residue formed was sub- 
jected to a silica gel column chromatography to provide 
300 mg. of 7^-{4-[(c«rboxyXN-methylcarbamoyiyme- 
thylet^^l,3Klithictan-2-yl}carboxAmido-7a-inethoxy- 
3Kl-methyltetrtzol-5-yl)thiomethyI-A 3 <ephem-4-car- 
boxylic acid benzhydryl ester using a mixture of chloro- 
form and ethyl acetate of 4:1 by volume ratio as the 
etuant. 

Nuclear magnetic resonance spectra (CDCh) 
*p.p m ): 1.52 (9H. t-CUH*-). 183 (3H, CHjNHCO* 
3.60 (5H, CHjO- and -CH 2 - ofCiX 


50 


4 X2 OH. «C^^CH- K 
S 

5.08 (1H. H of C 6 ). 6.93 (1H. -CtttCtJ^h)- 
10 (b). In a mixture of 10 ml. of trifluoroacetic acid and 
2 ml. of anisole was dissolved 300 mg. of the product 
obtained in the above step (a) under ice-cooling. The 
solution was stirred for about one hour at 15* C. The 
solvent was distilled ofT from the reaction mixture 
15 under reduced pressure and the residue was mixed with 
ether followed by stirring. The precipitates thus formed 
were recovered by filtration and washed with ether to 
provide 170 mg. of 7j3-{4-[(carboxyXN-methylcar- 
bamoy Dmethylene]- l,3-dithietan-2-yl}carboxamido-7a- 
20 methoxy-3-(l-methyltetrazol-5-yl)thiomethyl-A 3 -ceph- 

em-4-carboxylic acid. 

Nuclear magnetic resonance spectra (Do-DMSO) 
(p.p.m): 2 68 (3H. CH^NHCO), 3.42 (3H. CHjO), 


.V<WOH.CHi-N^ I I 
N 


25 


•hmii 5.12 <2H. H of C*»nd ~C ^CH- I 

30 
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REFERENCE EXAMPLE 24 

CHxNHOC. 

^C«C^ ^CHCOOH 

<CH0iCOOC S 

To 3 ml. of 15% potassium tert-butylaie tert-butanol 

50 solution were added 540 mg. of tert-butyl N-methyl- 
malonamate and 12 ml. of anhydrous tetrahydrofuran 
with stirring at room temperature. After stirring the 
mixture for 5 minutes/o.0935 ml. of carbon disulfide 
was added dropwise to the mixture followed by stirring 

55 for 10 minutes. Them 15 ml. of 15% potassium ten- 
butylate tert-butanol solution was added to the mixture 
followed by stirring for 10 minutes, 0.046 ml. of carbon 
disulfide was added dropwise to the mixture followed 
by stirring for 10 minutes, and the same procedure was 

60 further repeated using 0.8 ml. of 15% potassium tert- 
butylate tert-butanol solution and 0.023 ml. of carbon 
disulfide. Then, a suspension of sodium diiodoacetate 
which was separately prepared by dissolving 0.98 g. of 
ditodoacettc acid in 7 ml. of anhydrous tetrahydrofuran 

65 and adding 1 15 mg. of 50% sodium hydride to the solu- 
tion with stirring under cooling, was added to the above 
reaction mixture followed by stirring for 1 hour at room 
temperature to complete the reaction. 
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After the solvent was distilled off under reduced 
pressure, 150 ml. of ether and 50 ml of 0.2 normal hy- 
drochloric acid which was cooled at 0' C were added 
and the product was extracted with ether, then washed 
twice each lime with 50 ml. of water. Tnen. ether layer 5 
was extracted with 50 ml. of 2% sodium hydrogencar- 
bonate, and the aqueous layer was neutralized to about 
pH 7.5 with I normal hydrochloric acid and extracted 
with 100 ml. of ether. To the aqueous layer was further |Q 
added 0.5 ml. of 1 normal hydrochloric acid, and ex- 
tracted with 100 ml. of ether. This procedure was re- 
peated. Each ether extract was subjected to a silica gel 
thin layer chromatography using a mixture of acetoni- 
trile, ethylacetate and water of 3:1:1 by volume ratio as , 5 
the eluant and then fractions containing the product 
were collected and the solvent was distilled off uner 
reduced pressure to provide 600 mg. of oily 4-l(lert- 
butoxycarbonylKmethylcarbamoyl>-methylenel-1.3- 
dithietane-2-carboxylic acid. 20 
Nuclear magnetic resonance spectra (CDCb) 
(p p m ): 1.52 <9H, (CHjbC-). 2.M <3H, CHjNH* 


4J3IIH. 


EXAMPLE 27 


Mooc s. ^ch, s 


23 


30 


\~>c \:hconh j f ^ n — £ 


M 1 i ■ 

1 CH 2 S | 
COOH CHi 


In 8 ml. of an aqueous 5% sodium hydrogencarbon- 
ate solution was dissolved 200 mg. of 7/J-S4-carboxy-3- 40 
hydroxyisothiazol-5-yl)thioacetamido-7a-methoxy- 
cephalosporanic acid. The solution was stirred for 2 
hours at room temperature. After the reaction was over, 
the reaction mixture obtained was adjusted to pH 1 with 
2 normal hydrochloric acid and then extracted twice 4 * 
each time with a mixture of n-butanol and ethyl acetate 
of 1:1 by volume ratio. The organic layer was washed 
with a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and the sol- 
vent was distilled ofTto provide 180 mg (90% yield) of 30 
white-powdery 7^-{4-[(carbamoylHcarboxy)me- 
thylene]-l,3-dithiethan-2-yl}carboxamido-7a-methoxy- 
A*<ephalosporanic acid. 

Nuclear magnetic resonance spectra (Db-DMSO) 95 



60 


% 

4U<2H. I^H.^K 


.V44<3Hr~ OCH>.*|l 
104 OH. — OCOCH.i.»|. 
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(b) In 6 ml. of water were added 300 mg. of lfi-{4- 
(carbamoylKcarboxy)melhylcne-l.3-dithietan-2-yl]car- 
boxamido-7a-methoxy cephalosporanic acid, 67.2 mg. 
of 5-mercapto-I-methyltetrazole and 146 mg. of sodium 

3 hydrogencarbonate followed by stirring for 16 hours at 
60* -62* C. The reaction mixture was adjusted to pH I 
with 2 normal hydrochloric acid under ice-cooling, and 
the precipitates formed were recovered by filtration, 
and dried over phosphorus pentoxide under reduced 

10 pressure to provide 75 mg. of light yellow powdery 
7^-[4-(carbamoylKcarboxy)methylene-l,3-dithietan-2- 
yl]carboxamido-7a-methoxy-3-( 1 -methy ltetrazol-5- 
yOthiomethyl-A'-cephem^arboxylic acid. 


(a) In 60 ml. of methanol was dissolved 6.1 g. of 70- 

30 bromoacelamido-7a-methoxy-cephalosporanic acid. 
Then 15 ml. of an ice cooled aqueous solutiton of 4.3 
g. of trisodium salt (trihydrate) of 4-carboxy-3-hydroxy- 
5-mercaptoisothiazole was added dropwise to the solu- 
tion at 0'-5* C. After stirring the mixture for 30 minutes 

35 at the same temperature, methanol was distilled off 
under reduced pressure. The residue was mixed with 40 
ml. of water, adjusted to pH 3 with 2 normal hydrochlo- 
ric acid, and washed with ethyl acetate. The aqueous 
layer was further adjusted to pH 1 with 2 normal hydro- 

40 chloric acid and then extracted twice each time with a 
mixture of n-butano! and ethyl acetate of 1:1 by volume 
ratio. The organic layer was washed with a saturated 
aqueous sodium chloride solution, dried over anhy- 
drous magnesium sulfate, and the solvent was distilled 

45 off to provide a powdery crude product. The product 
was dissolved in a small amount of methanol and the 
solution was allowed to cool w ith ice to form crystals. 
The crystals were recovered hy filtration to provide 4.8 
g. (64.2% yield) of the purified white crystals of 70-<4- 

50 carboxy-3-hydroxyisothiazol-5-yI)thioacetamido-7a* 
methoxycephalosporanic acid. 
Nuclear magnetic resonance spectra (D 6 -DMSO) 


15 


EXAMPLE 28 


20 


25 



55 



65 


4 02 <2H. 


3.52 <2R 


SCHjCO— 


CHjO- 



204 OH. — OCOCHi.ftft- 
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(b) By following the same procedure as in Example 
27-b) using 7/3-{4-carboxy-3-hydroxyisothia2ol-5-yl)thi- 
oacetoamido-7a-methoxy<ephalosporamc acid and 
5-mercapto-l-methyltetrazol, 7/3-(4-carboxy.3-hydrox. 
yisothiazol*5-yl)ihioacetoamido-7a-methoxy-3-(I- 
methyltelrazol-S-yDthiomelhyl-A'-cephem-^arboxy- 

lic acid was obtained. 


EXAMPLE 29 


HOOC S QCHi - 

\ /\ r ^ * ^ 

C«C CHCONH r > N N 

H 2 NOC S 


10 


" J CHjS CHi 


COOH 


A mixture of 300 mg. of 70-<4-carboxy-3hydroxyiso- 
thiazo1-5-yl)thioaceUmido-7a-methoxycephalospo- 20 
ranic acid, 76.5 mg. of 2-mercapto-5-methyM,3,4- 
thiadiazole, 146 mg. of sodium hydrogencarbonate, and 
6 ml. of water was stirred for 12 hours at 58*-60' C The 
reaction mixture was cooled, adjusted to pH 1 with 2 
normal hydrochloric acid under ice-cooling, and the 23 
precipitates formed were recovered by filtration, and 
dried over phosphorus pentoxide under reduced pres- 
sure to provide 95 mg. (27.8% yield) of light yellow 
powdery 7/J-{4-[(carbamoylXcarboxy)methyleneJ-l,3- 
dithietan-2-yl}-carboxamido-7a-methoxy-3-(5-methyl- 30 
l,3,4.thiadiaiol-2-yl)thiomethyl-A , «cephem-4<arboxy- 

lie acid. 

Nuclear magnetic resonance spectra (DrDMSO) 


5.16 oh.— Y 
— N 

S 

3.12 OH. Vh-,»k 


35 


40 


45 


S 

4 34(2H. ^T"**- 
3.58 <2H. 1^ .q*. 

1.40 C3Hr— OCHji,»>. 
— N 

240 <)H. I so 
S^CH, 



In a mixture of 40 ml. of methanol and 300 ml. of a 
5% aqueous sodium hydrogencarbonate solution was 65 
dissolved 6.0 g. of 7^5-(4<arboxy-3-hydroxyisothiaiol- 
S-ylHhioac«tamklo-7a-inethoxy-3Kl-methyltetrazol-5- 
j1)thiomethyl-A 3 <ephem^-carboxylic acid. The solu- 
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tion was stirred for 5 hours at room temperature. The 
solution was washed with 300 ml. of ethyl acetate, acidi- 
fied with diluted hydrochloric acid, and extracted twice 

5 each time with 200 ml. of a mixture of n-butanol and 
ethyl acetate of 1:1 by volume ratio and once with 100 
ml. of the same mixture. The organic layers were com- 
bined with each other, washed twice each time with 50 

10 ml. of a saturated aqueous sodium chloride solution, 
dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off under reduced pressure. To the 
residue was added 50 ml. of ether and precipitates 

15 formed were recovered by filtration, washed with ether 
and dried to provide crude product. The crude product 
was purified by a silica gel column chromatography 
using a mixture of chloroform, methanol, and formic 

2q acid of 100:20:1.5 by volume ratio as the eluent. 

The fractions containing the product were collected 
and the solvent was distilled off under reduced pressure 
to provide 3.5 g. of 7/M4-[(carbamoylXcarboxy)me- 

25 thylcne]- 1 ,3-dithietan-2-yl}carboxamido-7o-methoxy- 
3«(1-methyUetraiol-5-yl)thiomethyl-A 3 -cephcm-4-car- 
boxylic acid. 
Nuclear magnetic resonance spectra (D 6 -DMSO) 

w 6Xp.pm ): 3.40 <3H, CHjO- of C7), 3.61 (2H. 
-CH 2 -ofC 2 >, 


35 


45 


50 


N N 

A I 
N 

N 
I 

CHi 


40 „„,„. }_ CH2 _I. 

H ofC. and m/ ^ CH- 


6 00 C1H. — COOH \. 
7.50 <2H. — CONH> ». 


9 60<1H. — CONH 


XT 


EXAMPLE 31 

A mixture of 300 mg. of 7/JK4-carboxy-3-hydroiso- 
thiazol-5-yI)thioacxtamido-7a-methoxycephalospo- 
ranic acid, 67.2 mg. of 5-mercapto-l-methyltetrMole, 
146 mg. of sodium hydrogencarbonate, and 6 ml. of 
water was stirred for 12 hours at 58*-60' C The reac- 
tion mixture was cooled, adjusted to pH 1 with 2 nomral 
hydrochloric acid in under ice-cooling, and the precipi- 
tates formed were recovered by filtration, and dried 
over phosphorus pentoxkSe under reduced pressure to 
provide 7^-{4^(cart>anK)yIKcarboxy)methyIenel-l,3- 
dithietan-2-yl}carboxajnido-7a-methoxy-3-(l-methyl- 
tetra2ol 5-yl)thiomethyl-A 3 -cepriem-4<arboxylic acid. 
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EXAMPLE 32 


IK MKT 5 oCH , s 

sc 7 V L JL — ■ 

cooh i 

CH* |0 

(a). In a mixture of 50 ml. of chloroform and 10 ml. of 
acetone was suspended 1.0 g. of 7^.{4-((carbamoyl)- 
(carboxy)methyIene]-l,3-dithietan-2-y1}carboxamklo- 
Ta-methoxy-JHl-methylteirazol-S-yOthiomcthyl-A^ 15 
cephem-4-carboxylic acid. 

A solution the prepared by dissolving about 700 mg. 
of diphenyldiazomethane in 5 ml. of chloroform and the 
solution was added dropwise to the suspension. Hie 
mixture was stirred for 30 minutes at room temperature 20 
and then the solvent was distilled ofT from the reaction 
mixture. The residue was subjected to a silica gel col- 
umn chromatography using a mixture of chloroform 
and ethyl acetate of 2:1 by volume ratio as the eluant to 
isolate and purify the product. Thus, the fractions con- 25 
taining the product were collected and the solvent was 
distilled off under reduced pressure to provide 0.8 g. of 
7^-{4-l(ben2hydryIoxycarbonyIKcarbamoyl)me- 
thylene] l t 3-dithietan-2-ylKarboxamidc-7a-methoxy- 
3-(I-methyltclrazo1-5-y1>thioiiicthyl-A 5 -cephem-4-car. 30 
boxylic acid benzhydryl ester. 

Nuclear magnetic resonance spectra (CDCh) 


*p p m ) 3 52<5H. H of C: and CH *>— nfOI. 35 

N N 

| 

CH* 40 

4.35 <2H. — CH;— S— uf Ci >. 
S 


4 Kb II H. — ^ ^CH— K 
S 

5 00 and 5.03 It H. H of Cn >. 


s 

5 00 and 5.03 < 1 H. H of C» >. 45 


7.30 (I0H. — CH4Cc*)2> 

50 

(b). In 10 ml. of chloroform was dissolved 1.0 g. of 
7/3-{4-((ben2hydryloxycarbonylKcarbamoyl)me- 
thylene]-l,3-dithietan-2-yl}carboxamido.7o-methoxy- 
3-(l-rnethylietrazol-5-yiythiomethyl-A 3 -cephem-4-car- 
boxylic acid benzhydryl ester. While stirring the solu- 55 
tion under ice-cooling, 0.3 ml. of pyridine and 0.45 g. of 
phosphorus pentachloride were added to the solution 
followed by stirring further for one hour at room tem- 
perature. The reaction mixture was then ice-cooled and 
3 ml. of water was added to the mixture. The organic CO 
layer formed was separated from an aqueous layer, 
washed with 2 ml. of water, dried over anhydrous mag- 
nesium sulfate, and then the solvent was distilled ofT 
under reduced pressure to provide 0.5 g. of 7^-{4- 
[(benzhydryloxycart>onylXcyano)methylenel-1.3- 65 
dithieUn-2-yI}carboxamidc-7a-methoxy-M 1 -methyl- 
tetrazol-5-yl)thk>methyl-A 3 -cephem-4-carboxylic acid 
benzhydryl ester. 
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Nuclear magnetic resonance spectra (CDCIj) 


*r r m > MS <Mt. II of C:and CMiCI— i*TO h 
« N N 

CH* 

4.M «2H. — CH;— S— of Ci K 


10 


5.02 <2H. H of C*«nd 


Vll-, 


15 6.85 (2H. -CtKQJW:). 
9.30 (10H, -CH(C6H 5 h). 

(c). In 2 ml. of methylene chloride was dissolved 0.5 
g. of 7/J-{4-((benzhydryloxycarbonylXcyano>me- 
thy lene]- 1 , 3-dit hietan-2-y 1 }carboxamido-7a-methoxy- 
3«<l-methyltetrazoI-5-y1)thiomethyUA , <ephem-4<ar- 
boxylic acid benzhydry! ester. After adding thereto 5 
ml. of a mixture of trifluoroacctic acid and anisole in a 
4:1 by volume ratio at - 10* C, the mixture was stirred 

25 for 30 minutes at the same temperature. Then, the sol- 
vent was distilled off under reduced pressure at a low 
temperature from the reaction mixture. The residue was 
triturated with ether and was recovered by filtration 
and dried to provide 0.2 g. of powdery 7£-{4-[(carbox- 

30 yXcyano)methy]ene]-l,3-dithietan-2-y!}carboxamidi>- 
7a*methoxy*3-(l•methyItet^azoI-5*y1)thiomethy1•A , . 
cephem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (Db-DMSO) 
6(p.p.m ): 3.44 (3H. CH.iO of C). 3 62 <2K H of Ci\ 

35 4.30 (2H. -CH:-S-), 5.16 (IK H of Q), 

s 

5 52 <1H. ^CH- > 

40 S 

By the same procedure as in Example 1, the following 
compounds were obtained 

45 EXAMPLE 33 

7/3-(4-cyano-3-hydroxyisothiazol-5-yl)thi- 
oacetamido-7a-methoxy-3-(l-methyltetrazol-5-yl)thi- 
omethyl-A ? -cephem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (D 6 -DMSO) 
50 6(p.p.m ): 3.39 (3H), 3.59 (2H), 3.92 <3H), 4.1 1 (2H>, 4.28 
(2H), 5.10 (1H). 

EXAMPLE 34 

7/H34iydroxy-4-phenylisothiazol-5-yl)thi- 
oacetamido-7a-methoxy-3-(l-methyltetrazol-5-yl)thi- 
omethyl-A'-cephem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (D«>-DMSO) 
5(p.p.m.): 3.40 (3H), 3.56 <2H), 3.87 (2H), 3.92 (3H* 
to 4.27 (2H). 5.05 (IH). 

EXAMPLE 33 

7)5-(3-amino-4<yanoisothUuoI-5-yl>thioacetamido- 
7a-methoxy-3-(l-methyltetra*ol-5-yl)thiomethyl-A J - 
65 cephem-4-carboxylic acid. 

Nuclear magnetic resonance spectra (Do-DMSO) 
«p.p.m): 3.40 (3HK 3.60 (2HK 3.95 (3H. 4.08 (2HK 
4.31 (2H, 5.11 (1H). 
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EXAMPLE 36 
7^4KlimcthylcarbamoyI-3-hydroxyi$othiazo1-5- 
yl)ihioacetamido-7iJ-methoxy-3-< I -methy ltetraxol-5- 
yOthiomethyl-A^ephem^arboxylic acid. 5 
Nuclear magnetic resonance spectra (Db-DMSO) 
SCp.p.m.): 2.88 <6H), 3.38 (3H), 3.56 (2H). 3.90 <5H). 
4.26 (2HK 5.04 (1H). 

EXAMPLE 37 , 

. 7)5-(3-hydroxyisothiazoI-4-yI)thioaceUmido-7a- 
methoxy^Kl-methyltetrazol^yDthiomethyl-A^cph- 
em-4-carboxylic acid. 

Nuclear magnetic resonance spectra <D*-DMSO) 
5(p.p.m): 3.39 <3H), 3.48 (2H). 3.66 <2H), 3.94 <3H), 4.26 15 
<2H), 5.11 (1H). 7.59 (1H). 

EXAMPLE 38 

7/3^4*cyano-2*methyl-3-oxo-2,3-dihydroisothtazol-5- 
yl)thioacelamido-7a*mcthoxy-3-(l-niethyltetra2ol-5* 20 
yljthiomethyl-A^ephem-^arboxylic acid. 

Nuclear magnetic resonance spectra (Db-DMSO) 
5{p.p.m): 3.40 (3H), 3.64 (2H), 3.92 <8H), 4.30 <2H). 5.16 
(1H). 

EXAMPLE 39 25 

7^-[4<yano-2-(2-hydroxyethyl)-3-oxo-2 f 3-dihy- 
droisothiazol-5-yl]thioacetamido-7a-methoxy-3-(l- 
mcthyltetrazol-S-yDthiomethyl-A'-ccphem^arboxy- 

lic acid. 30 

Nuclear magnetic resonance spectra (Db-DMSO) 
(p.p.m ): 3.40 <3H), 3.5-3.6 (3H). 3.76 (2H). 3.93 <3H* 
4.16 (2H), 4.32 (2H), 5.14 (1H). 

EXAMPLE 40 J5 

7/3-(4-carbamoyl-3-hydroxyisothiazol-5-yl)thi- 
oacetamido-7a-methoxy-3-< 1 -methyltetrazol-5-yl)thi- 
omethyl-A^ephem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (Db-DMSO) 
6(p p m ): 3.39 (3H), 3.49 <2H), 3.64 (2H). 3.93 <3H). 40 
4.28 (2H), 5.07 (IH) 

EXAMPLE 41 

7/5-(3-hydroxy-4-hydroxymethylisothiazol-5-yiythi- 
oacetamido-7a-methoxy-3«<l-methyltetni2ol-5-yl)thi- 45 
omethyl-A 3 -ccphem-4-carboxylic acid. 
Nuclear magnetic resonance spectra (Db— DMSO) 
6(p.p.m ): 3.40 (3H), 3.58 (2H). 3.83 <2H), 3.92 (3H), 
4.12 <2H). 4.30 (2H), 5.10 (1H). 

EXAMPLE 42 * 

In 7 ml. of methylene chloride was dissolved 300 mg. 
of 7^-amino-7a-methoxy-3-(l-methyltetrazol-5-yiythJ- 
omethyl-A , -cephem-4-carboxylic acid benzhydryl es- 
ter, chilled to -30* C. and 460 mg. of pyridine was 55 
added. Separately, an acid chloride solution was pre- 
pared from the suspension of 240 mg. of potassium (4- 
cyano-3-methoxyisothiazol-5-yl)thioacetate in 10 ml. of 
methylene chloride, 170 mg. of oxalyl chloride and a 
drop of dimelhylformamide: The acid chloride solution 60 
was added dropwise to the above solution at - 30* C. to 
-20' C. and stirred for one hour at the same tempera* 
ture. To the reaction mixture was added 30 ml. of chlo- 
roform and washed twice each time with 2% hydro- 
chloric acid and twice each time with saturated sodium 65 
hydrogencarbonate. The organic layer was then sepa- 
rated and dried over anhydrous magnesium sulfate. The 
organic layer was condensed under reduced pressure 
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and the residue obtained was subjected to silica gel 
column chromatography with the eluant of a mixture of 
chloroform and isopropanol (10:1 by volume ratio). 
THere was thus obtained 190 mg. of 7/J-(4-cyano-3- 

3 methoxyisothiazol-5-yI)thioacetamido-7o-methoxy-3- 
(l-methyttetrazol-S-yDthiomethyl-A'-cephem-i-car- 
boxylic acid benzhydryl ester. 

In 2 ml. of methylene chloride was dissolved the 
above product and a mixture of 1.6 ml oftrifluoroacetic 

10 acid and anisole (3:1 by volume ratio) was added drop- 
wise at - 15' C to -5* C. and stirred for 40 minutes at 
the same temperature. The solvent was distilled off 
under reduced pressure, the residue was triturated with 
10 ml. of ether, filtered and dried under reduced pres- 

15 sure to provide 120 mg. of a powder of 7i3-(4<yaiio-3- 
methoxyisothia2ol-5-yl)thioacetamido-7a-methoxy-3- 
(l.methyltetrazol.5-yl)ihiomethyl-A , -cephem-4-car- 

boxylicactd. _„ v 
Nuclear magnetic resonance spectra (Db-DMSO) 
20 (p.p.m): 3.40 (3H), 3.58 (2H), 3.92 (3H), 3.99 (3H), 4.15 

(2H), 4.18 (2H), 5.12 (1H). 
What is claimed is: 

1. A 7a-Methoxy-70-(4-substituted methylene- 1,3- 
dithieUne-2-yt) carboxamido-3-heterocyclic thiometh- 
25 yl-A*-cephem-4-carboxy1ic acid represented by the for- 
mula 


30 


>-a)NH 


COOH 


35 wherein R 1 represents a carboxyl group or a derivative 
thereof selected from the group consisting of lower 
alkyl, phenyl lower alkyl and naphthyl lower mlkyl 
esters of said carboxyl group and carbamoyl, carbazoyl, 
and cyano groups; R 2 represents a hydrogen atom, a 

40 lower alkyl group, a lower alkoxy group, R 4 S(0)i, 
group wherein R 4 represents a lower alkyl group and n 
represents 0, I or 2. a lower alkanoyl group, a phenyl 
group, a naphthyl group, a benzoyl group, a naphthoy 
group, a R 1 group, a lower alkenyl group, a sulfamoyl 

45 group, a pyridyl group or a thiadiazolyl group; and R* 
represents a lower alkyl-substituted tetrazolyl group or 
a lower alkyl-substituted thiadiazolyl group and the 
pharmaceutical^ acceptable salts thereof. 

2. 7/3-{4-[(CarbamoylKcarboxy)methyIenel-l,3- 
50 dithietane-2-yl}carboxamido-7a-methoxy-3-(l-methyl- 

tetrazol-5-yl)thiomethyl-A*<ephem-4<arboxylic acid 

as claimed in claim 1. 

3. 7/3-[4-( 1 -Carboxyethylidene)- 1 ,3-dithietane-2- 
yl]carboxamido-7a-methoxy-3-(l-methyltetrazol-5- 

55 yOthiomethyl-A^-cephem^arboxylic acid as claimed 
in claim 1. 

4. 7/S-{4-l(CarboxyKmethoxy)methylene]-K3-dithie- 
tane-2-yl}carboxamido-7a-methoxy-3-{l-methyltet- 
razol-5-yl)thiomethyl-A 3 <ephem-4-carboxylic acid as 

CO claimed in claim 1. 

5. 7/J.{4-l(CarboxyXmcthylthio)methylene]-l,3- 
dithietane-2-yl}carboxamkJo-7a-methoxy-3«<l-methyl- 
tetra2ol.5-yl)thiomethyl-A J -cephem-4-carboxylic acid 

as claimed in claim 1. 
65 «. 7^-{4-l(C^rboxyKcthylthio)methylenel-1.3-dithie- 
tane-2-yl}carboxamido-7a-fnethoxy-3-(l-methyltet- 
razol-5-yl)thiomethyl-A 5 <cphem^-carboxylic acid as 
claimed in claim 1. 
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7. 7^-[4-{Carboxymcthyl<nc)-l,3-dithictanc.2-yllcar. 
boxamido-7.mcthoxy-3-(!-mcthyltctra2ol-5-y!)thi- 
omethy1-A 3 -cephem-4-carboxylic acid as claimed in 
claim 1. 

I. A 7£-<3-Hydroxy-4-substituted lsothiazol-5-yl) 
lhioacctamid<>-7a-inethoxy-3-hctcrocyclic thiomethyl- 
A*-cephcm-*-carboxylic acid represented by the for- 
mula: 


10 



COOH 


25 


30 


35 


40 


45 


50 


55 


60 


65 


60 

wherein R 2 represents a hydrogen atom, a lower alkyl 
group, a tower alkoxy group, R 4 S{Oh group wherein 
R« represents a lower alkyl group and n represents a 1 
or 2, a lower alkanoyi group, a phenyl group, a naph- 

3 thyl group, a benzoyl group, a naphthoyl group, a car- 
boxyl group or a derivative thereof selected from the 
group consisting of lower alkyl, phenyl lower alkyl and 
naphthyl lower alkyl esters of said carboxyl group and, 
carbamoyl, carbazoy! and cyano groups, a lower akle- 

10 nyl group, a sulfamoyl group, a pyridyl group or a 
thiadiazolyl group; and R 5 represents a lower alkyl-sub- 
stituted tetrazolyl group or a lower alkyUubstituted 
thiadiazolyl group, and the pharmaceutically accept- 
able non-toxic salts thereof. . . « iwt.; 

15 t 7^^4-Carboxy-3-hydroxytsothiazol-5-yl>thi- 

oacetamido-7o-methoxy-3-(l-methyltetrazol-5-yl>thi- 
omethyl-A 3 -cephem-4<arboxyIic acid •* claim in claim 
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ATTACHMENT D 


CEFOTAN® (cefotetari disodium) 


Chronology of Regulatory Activities 


Notice of Claimed Investigational Exemption (IND) 

For IND 19,216 


09/04/81 

10/08/81 

10/22/81 
11/04/81 

12/01/81 


01/21/82 
09/14/82 

09/20/82 

09/30/82 
01/31/83 

02/07/83 


02/17/83 
04/04/83 

04/13/83 


04/15/83 
05/13/83 

05/11/83 


05/18/83 
08/05/83 

08/22/83 


Submission to FDA 
Response from FDA 
Response from FDA 

Submission to FDA 

Submissions to FDA 

Submission to FDA 
Submissions to FDA 

Meeting with FDA 

Submission to FDA 

Response from FDA 

Submissions to FDA 

Response from FDA 

Submissions to FDA 
Submission to FDA 


IND filed 

Acknowledges receipt of IND 

Recommendations and 
requests following review of 
IND 

Response to recommendations 
and requests 

Individual protocol 
submiss ions 

Annual Progress Report 

Individual protocols and 
amendments 

Discussed preclinical issues 
and clinical plan 

Individual protocols and 
amendments 

Recommendations and requests 
following review of IND 

Individual protocols and 
amendments 

Additional recommendations 
and requests following 
review of IND. 

Individual protocols 
and amendments 

Response to FDA letters of 
04/13/83 and 05/11/83. 
Also, comments stated on 
preclinical issues raised at 
02/07/83 meeting 


- 2 - 


08/25/83 
09/16/83 

09/20/83 

09/27/83 
09/10/84 

10/04/84 

10/10/84 
04/11/85 

04/16/85 


Submissions to FDA 

Submission to FDA 
Submissions to FDA 

Submission to FDA 
Submissions to. FDA 

Submission to FDA 


Individual protocols and 
amendments 

Annual Progress Report 

Individual protocols and 
amendments 

Annual Progress Report 

Individual protocols 
and amendments 

Clinical trial reports 
received from ICI UK 


New Drug Application (NDA) 
For NDA 50-588 


01/20/84 
01/31/84 
04/06/84 

05/29/84 

09/21/84 
11/19/84 

12/20/84 

03/21/85 
04/03/85 

04/09/85 

05/21/85 


Submission to FDA 
Submiss ion to FDA 
Submission to FDA 

Response from FDA 

Submission to FDA 
Response from FDA 

Response from FDA 

Submission to FDA 
Submission to FDA 

Submission to FDA 

Response from FDA 


NDA submitted 

Revised Table of Contents 

Amended 01/20/84 submission 
with HPLC Assay Method 

Recommended changes to 
package insert 

Revised package insert 

Revised package insert is 
accepted 

Cephalosporins - Warnings to 
be added to labeling 

Response to 12/20/86 letter 

Tables to facilitate review 
of NDA 

Supplement for surgical 
prophylaxis 

NDA withdrawn and 
resubmitted 04/10/85 
following 04/09/85 
supplement submission * 


- 3 - 


06/05/85 
06/24/85 
07/09/85 

08/09/85 
08/26/85 

08/26/85 

10/16/85 

10/18/85 

12/27/85 


Submission to FDA 
Submission to FDA 
Response from FDA 

Submission to FDA 
Submission to FDA 

Submission to FDA 

Submission to FDA 

Submission to FDA 

Response from FDA 


Request meeting on 06/14/85 
to discuss package insert 

Revised package insert 
following 06/14/85 meeting. 

Regarding 01/31/84 and 
06/24/85 submissions - 30 
days needed to review 

Final printed labeling 

Response to telecon - safety 
update 

Response to telecon - 
clinical protocols 

Response to telecon - 
technical 

Response to telecon - 
preclinical issues 

Approval of NDA 
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